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Abstract.  The  population  trends  of  the  planthoppers,  Dichoptera  hyalinata  Fabricius 
(Dictyopharidae),  Eurybrachys  tomentosa  Fabricius  (Eurybrachidae),  and  Ricania  fenestrata 
Fabricius  (Ricaniidae)  were  studied  with  reference  to  the  abiotic  factors  like  temperature, 
humidity  and  raihfall'and  biotic  factors  like  two  nymphal  ectoparasites,  Dryinus  sp.  (A)*  and 
Dryinus  sp.  (B)*  (Dryinidae:  Hymenoptera)  and  two  egg  parasites,  Proleurocerus  fulgoridis 
Ferriere  (Encyrtidae:  Hymenoptera)  and  Tetrastichus  sp.  (Eulophidae:  Hymenoptera). 

Keywords.    Fulgoroidea;  population  trends;  biotic  and  abiotic  factors. 


Introduction 

ivestigations  on  the  diverse  aspects  of  biology  and  ecology  of  fulgoroids  appear 
jnificant  in  view  of  their  role  as  pests  of  crops  and  vectors  of  plant  disease.  As  early 
1916  Misra  observed  the  seasonal  incidence  of  Pyrilla  perpusilla  and 
ibsequent  major  studies,  in  India,  in  this  area  appear  restricted  to  Pyrilla  perpusilla 
»ruthi  1937),  Nilaparvpta  lugens  (Baskaran  et  al  1979;  Varadharajan  1979),  and 
patella  furcifera  (Atwal  et  al  1967;  Satpathy  and  Maiti  1973).  The  present  paper 
eludes  the  population  trends  of  three  fulgoroids,  Dichoptera  hyalinata  Fabricius, 
urybrachys  tomentosa  Fabricius,  and  Ricania  fenestrata  Fabricius. 


Material  and  methods 

tie  popuktion  trends  of  Dichoptera  hyalinata  (monophagous)  on  Ficus  bengalensis, 
urybrachys  tomentosa  (polyphagous)  on  Calotropis  gigantea  and  Casuarina  equi- 
tifolia,  and  Ricania  fenestrata  (polyphagous)  on  Clerodendrum  inerme  and  Casuarina 
msetifolia  were  analysed  by  periodic  counting  of  various  stages.  Sixteen  m2  on  the 
ain  trunk  of  F.  bengalensis,  5  plants  of  C.  gigantea,  and  5  m2  of  C.  inerme  and  C. 
luisetifolia  (both  edge  plants  in  gardens)  were  taken  as  units  for  measuring  the 
>pulations  of  respective  planthoppers.  Abiotic  factors  lite  temperature,  relative 
imidity,  and  rainfall  and  biotic  factors  like  parasites  weie  correlated  with  the 
)pulation  trends  of  the  above  species  of  planthoppers.  \  v 


fhe  two  Dryinus  spp.  have  been  designated  as  (A)  and  (B)  as  they  have  been  identified  to  be  two  new  species 
>r,Z  Boucek,  Commonwealth  Institute  of  Entomology,  London—Personal  communication).^^  "*- 
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3.    Observations 

3.1     Dichoptera  hyalinata 

Population  of  D.  hyalinata  occurred  throughout  the  year,  being  abundant  during  July, 
August  and  October  (figure  1).  The  maximum  total  population  was  36/16  m2  in  July 
and  minimum  3/16  m2  in  December  and  January.  Nymphal  population  exceeded  that 
of  the  adults,  the  average  adult  and  nymphal  ratio  being  1:3  (table  1),  except  during 
December,  January  and  February  when  the  nymphal  population  was  negligible.  A 
maximum  of  33/16  in2  (in  July)  and  a  minimum  of  3/16  m2  (in  February)  were  observed 
in  the  nymphal  population,  while  the  adult  population  was  high  (6/16  m2)  in  August, 
September,  and  October  and  low  (2/16  m2)  in  March,  April  and  May.  The  male 
population  was  found  to  be  on  the  increase  in  most  of  the  months  as  compared  to  that 
of  the  females,  with  an  average  male-female  ratio  of  1 : 0-8  (table  1),  while  the  female 
population  was  about  double  that  of  the  males  (1 : 2)  in  September.  The  populations  of 
both  the  sexes  were  identical  during  August  and  March  to  May. 

Both  abiotic  and  biotic  factors  appear  to  play  significant  role  in  the  fluctuations  of 
the  D.  hyalinata  population  (figure  1).  Since  the  adults  of  the  hymenopterous 
ectoparasite,  Dryinus  sp.  (A)  on  D.  hyalinata  (Swaminathan  and  Ananthakrishnan 
1982),  were  free-living,  the  parasitised  host  nymphs  were  taken  as  a  reliable  index  of  the 
parasite  population.  This  ectoparasite  was  found  to  play  an  essential  role  in  controlling 
.the  host  population.  The  percentage  of  parasitism  reached  the  maximum  (36-36  %)  in 
November  (table  1)  followed  by  a  notable  decline  in  the  total  nymphal  population  of 
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Figure  1.    Population  trend  of  Dichoptera  hyalinata.  (AP,  adult  population;  NP,  nympkal 
population;  RF,  rainfall;  RH,  relative  humidity;  T,  temperature;  TP,  total  population). 


Population  trends  offutgoroids 

Tabie  1.    Sex  ratio,  adult-nymphaJ  ratio,  and  percentage  of  parasitisation  by  Dryirms  sp. 
of  Dichoptera  hyalinata. 


Percentage  of 

nymphs  para- 

Year 

Month 

Male:  female 

Adult:  nymph 

sitised 

1978 

June 

1:0-5 

1:3 

12-5 

July 

1:0-5 

1:11 

6-0 

August       . 

1:1 

1:4-5 

8-0 

September 

1:2 

1:1-7 

— 

October 

1:0-5 

1:2-8 

13-3 

November 

1:0-7 

1:3 

36-36 

December 

1:0-5 

— 

— 

1979 

January 

1:0-5 

—  . 

— 

February 

1:0-5 

1:1 

— 

March 

1:1 

1:5 

— 

April 

1:1 

1:4 

14-0 

May     . 

1:1 

1:5 

11-0 

Mean  1:O8  1:3 


ke  host  in  subsequent  months.  The  absence  of  parasitised  nymphs  during  September 
aay  be  attributed  to  the  presence  of  only  late  nymphal  stages  in  the  field.  Parasite 
ctivity  was  not  observed  from  December  to  March  and  the  parasite  reestablished  itself 
mly  in  April. 

The  populations  of  both  the  host,  D.  hyalinata,  and  the  parasite,  Dryinus  sp.  (A\ 
ppear  to  be  influenced  by  environmental  conditions  such  as  temperature,  humidity, 
nd  rainfall  (figure  1).  The  abiotic  conditions  which  maintained  the  population  of  D. 
yalinata  were  30~37°C  maximum  temperature,  23-27°C  minimum  temperature, 
1-82%  maximum  humidity,  and  59-77  %  minimum  humidity.  The  total  population 
teclined  drastically  in  December  when  the  rainfall  (64-28  cm)  and  relative  humidity 
maximum  86%  and  minimum  79  %)  reached  their  peaks,  while  temperature  declined 
maximum  temperature  27-9°C).  The  population  was  maintained  at  a  low  level  during 
he  following  January,  when  the  difference  between  the  maximum  and  minimum 
tumidity  was  high  (22%).  Among  the  environmental  factors,  the  rainfall  during  the 
abnths  of  September  (2642  cm),  November  (21-54  cm),  and  December  (64*28  cm) 
ho  wed  major  influence  on  the  D.  hyalinata  population,  particularly  on  the  total  as  well 
s  nymphal  populations,  which  correspondingly  declined  during  this  period.  An 
ntegrated  effect  of  all  the  three  abiotic  factors  appeared  to  bring  down  the  D.  hyalinata 
topulation.  Rainfall  also  influenced  parasitisation  as  evidenced  from  the  drastic  decline 
n  the  percentage  of  parasitisation  during  the  peak  monsoon  (December), 

».2    Eurybrachys  tomentosa 

fhe  population  of  E.  tomentosa  was  observed  on  two  hosts  viz  Calotropis  gigantea  and 
Msuarina  equisetifolia.  The  population  on  C.  gigantea  was  restricted  to  a  period  of 
ight  months  from  October  to  May,  while  the  nymphal  population  alone  occurred  on 
".  equisetifolia  throughout  the  year  (figure  2).  In  the  case  of  C.  gigantea,  populations  of 
A  stages  were  observed.  A  maximum  total  population  of  42/5  plants  (excluding  eggs) 
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Figure  2.    Population  trend  of  Eurybrachys  tomentosa  (E,  Number  of  egg  masses). 

Table  2.    Sex  ratio,  adult-nymphal  ratio,  and  percentage  of  egg  masses  parasitised  by 
Proleurocerus  fulgoridis,  of  Eurybrachys  tomentosa-HQSl-Calottqpis  gigantea. 


Year 


Month 


Male  ^female       Adult:  nymph 


Percentage  of 
egg  masses 
parasitised 


1978 

October 

:1 

1:05 

November 

:2 

1:0-2 

50 

December 

:l-5 

1:01 

1979 

January 

:l-6 

66-7 

February 

:2-3 

1:0:4  '*'" 

100 

March 

:O7 

1:0-6 

100 

April                                  ] 

:1 

1:03 

50 

May                                  j 

:05 

1:03  . 

Mean 


1:1-4 


1:0-2 


(IB  December)  and  a  minimum  of  6/5  plants  (in  October)  were  recorded.  The  nymphal 
.population  was  very  low  in  C.  gigantea  ranging  from  2  to  8  per  five  plants  with  the 
average  adult-nymphal  ratio  1 :0-2  (table  2).  The  females  were  more  abundant  during 
Ae.months  November-February,  while  the  males  outnumbered  the  females  during 
March  and  May;  both  sexes  were  equally  abundant  during  October  and  April  the 
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average  male-female  ratio  being  1:1-4  (table  2).  Nymphal  population  of  E.  tomentosa 
was  present  on  C.  equisetifolia,  rarely  with  one  or  two  adults.  In  October  the  maximum 
nymphal  population  (24/5  m2 )  was  recorded  on  this  host,  while  the  minimum  (2/5  m2 ) 
was  seen  in  April. 

Three  natural  enemies — one  ectoparasite  and  two  egg  parasites — play  a  significant 
role  in  controlling  E.  tomentosa  population.  As  in  Dryinus  sp.  (A\  the  population  of 
Dryinus  sp.  (B)  on  E.  tomentosa  nymphs  (Swaminathan  and  Ananthakrishnan  1982) 
was  also  measured  by  counting  the  number  of  parasitised  host  nymphs  in  the  field  and 
the  parasitisation  was  restricted  only  to  the  rainy  season  (September  to  November). 
When  the  percentage  of  parasitisation  reached  its  maximum  (20  %)  during  November, 
there  was  a 'corresponding  decrease,  in  the  nymphal 'population.  Among  the  two 
hymenopterous  egg  parasites,  viz  Proleurocerus  fulgoridis  and  Tetrastichus  sp.  on  E. 
tomentosa  (Swaminathan  and  Ananthakrishnan  1982),  P.  fulgoridis  played  a  significant 
role  in  controlling  the  host  population.  The  number  of  egg  masses  parasitised  was  taken 
as  an  index  of  the  P.  fulgoridis  and  Tetrastichus  sp.  populations.  The  percentage  of  egg 
masses  parasitised  reached  its  maximum  (100  %)  from  February  to  March  (table  2  and 
figure  2)  followed  by  a  drastic  reduction  in  the  host  population.  Tetrastichus  sp.  showed 
weak  incidence  during  the  terminal  period  of  P.  fulgoridis  activity  (not  shown  in  the 
figure). 

The  range  of  environmental  conditions  to  maintain  the  population  of  JE.  tomentosa 
was  28-35°C  maximum  temperature,  21-26°C  minimum  temperature,  72-86% 
maximum  humidity  and  61-79  %  minimum  humidity.  Unlike  D.  hyalinata,  the  rainfall 
had  no  deleterious  effect  on  the  population  of  this  insect  and  the  peak  population  of  E. 
tomentosa  occurred  during  the  period  of  maximum  rainfall  (figure  2).  Maximum 
temperature  and  relative  humidity  played  a  significant  role  in  the  population  trends  of 
E.  tomentosa.  The  peak  population  occurred  when  the  temperature  was  low  (maximum 
temperature  28° C)  and  relative  humidity  high  (maximum  80%  and  minimum  79  %)  as 
seen  in  December.  During  the  subsequent  month  the  minimum  humidity  fell  (from 
79  %  to  61  %),  with  a  difference  between  maximum  and  minimum  humidity  (22  %)  and  a 
corresponding  decline  in,  the  E.  tomentosa  population.  The  population  of  this  species 
reached  its  minimum  or  was  totally  absent  when  the  humidity  was  at  its  lower  range  and 
the  temperature  at  its  higher  range  (from  May  to  August). 

3.3     Ricania  fenestrata 

The  population  of  R.  fenestrata  was  restricted  to  a  period  of  four  months  in  summer 
(January/ February-April/ May)  (figure  3).  The  population  occurred  in  equal  abun- 
dance on  two  hosts,  C.  equisetifolia  and  Clerodendrum  inerme.  The  maximum  and 
minimum  number  of  total  population  varied  from  113  and  2/5  in2  in  the  case  of  C. 
equisetifolia  and  131  and  4/5  m2  in  the  case  of  C.  inerme.  The  nymphal  population 
outnumbered  that  of  the  adults  except  in  March  and  May  (1978)  and  February  and  ' 
May  (1979).  The  average  adult-nymphal  ratio  was  1 : 2-8  in  C.  equisetifolia  and  1 : 2-7  in 
C.  inerme  (table  3).  The  average  sex  ratio  recorded  was  about  identical  in  C.  equisetifolia 
and  C.  inerme  being  1:1-2  (male-female)  (table  3). 

Abiotic  factors  such  as  rainfall,  temperature  and  humidity  appeared  to  considerably 
affect  the  population  trend  of  R.  fenestrata  (figure  3).  The  range  of  environmental 
conditions  for  the  maintenance  of  R.  fenestrata  population  was  30-38°C  maximum 
temperature,  22-28°C  minimum  temperature,  64-81%  maximum  humidity,  and 
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Figure  3.    Population  trend  of  Ricania  fewstrata. 


Table  3.    Sex  ratio  and  adult-mympkal  ratio  of  Ricaniaftnestrata. 


Male:  female                      Adult:  nymph 

C.  equiseti-                           C.  equiseti- 

Year 

Month 

folia            C  inerme           folia 

C.  inerme 

-1977 

February 

1:1                  1:1                  1:5-3 

1:7-5 

March 

1:1-3 

:l-6               1:3-4 

1:3-5 

April 

1:1-1 

:l-5               1:4-1 

1:7-7 

1978 

February 

1:1-7. 

:1                  1:1-5 

1:3 

March 

1:1-5 

:1                 1:0-8 

1:2-5 

April 

1:1-1 

:1                  1:3-2 

1:2-7 

May 

1:1-3 

:1                  1:0-5 

1:1-5 

1979 

February 

— 

:I                   — 

1:1 

March 

—  '  ' 

:1                   — 

1:1-6 

April 

1:1 

:l-3               1:9-5 

1:1-3 

May 

1:1 

:l-3               1:3 

1:1 

Mean 


1:1-2 


1:1-2 


1:2-8 


1:2-7 
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61-74  %  minimum  humidity.  The  peak  population  of  this  insect  was  noticed  on  both 
hosts  during  April,  when  the  temperature  and  humidity  were  moderately  high 
(maximum- temperature  34  or  35°C,  minimum  temperature  24  or  26°C,  maximum  and 
minimum  humidity  69-74%).  After  April  with  a  further  increase  in  temperature  and 
decrease  in  humidity,  the  population  of  R.  fenestrata  declined.  The  effect  of  rainfall  on 
the  population  of  this  species  is  significant  and  with  the  onset  of  monsoon  in  Madras  in 
June  there  was  a  drastic  decline  in  or  a  complete  elimination  of  its  population. 


4.    DtscBSsion 

Regarding  the  impact  of  climate  on  the  population  dynamics  of  insects,  opinions  vary. 
Pradhan  (1972a,  1972b)  observed  fewer  pests  in  crops  growing  in  cooler  seasons  and 
colder  regions.  Kalode  (1974)  found  high  rainfall  and  very  high  or  low  temperature  as 
being  unfavourable  for  the  population  increase  of  leafhoppers  and  planthoppers  in 
India,  and  in  Nilaparvata  lugens  the  population  attained  peak  after  cessation  of  rainfall. 
In  Philippines  Alam  (1971)  found  an  increase  in  Nilaparvata  lugens  population  when 
the  mean  temperature  increased.  Tao  and  Nagoan  (1970)  observed  high  incidence  of 
Sogatellafurcifera  in  Vietnam  in  wet  seasons.  Heavy  rainfall  and  high  relative  humidity 
were  favourable  for  rapid  multiplication  of  Sogatella  furcifera  (Satpathy  and  Maiti 
1973). 

In  the  present  investigation  D.  hyalinata  and  E.  tomentosa  populations  were  found 
throughout  the  year  with  peaks  of  abundance  during  the  pre-monsoon  and  monsoon 
periods  respectively,  while  R.  fenestrata  population  was  restricted  only  to  summer. 
Rainfall  was  found  to  decrease  D.  hyalinata  population  while  an  increase  in  the  number 
of  individuals  in  the  population  was  noticed  in  E.  tomentosa,  particularly  on  the  host, 
Calotropis  gigantea.  Moderate  temperature  and  low  humidity  and  low  temperature 
and  high  humidity  were  the  favourable  climatic  conditions  for  D.  hyalinata  and  £. 
tomentosa  respectively,  while  R.  fenestrata  preferred  to  multiply  more  under  moderate 
temperature  and  moderate  humidity.  Very  high  temperatures  were  found  to  decrease 
the  population  in  all  the  three  species. 

Though  information  on  the  incidence  and  biology  of  parasites  of  Fulgoroidea  is 
available  in  plenty,  their  role  in  controlling  the  host  population  is  very  much  limited. 
Haplogonatopus  vitiensis  Perk,  and  Pseudogonatopus  hospes  Perk,  were  observed  to 
control  the  population  of  the  sugarcane  leafhopper,  Perkinsiella  saccharicida  in  Hawaii 
(Clausen  1949),  while  Anagrus  flaveolus  reduced  the  population  of  Delphax  maidis 
(Marine-Acosta  1964).  Studies  on  the  intensity  of  parasitisation  by  various  parasites 
(Strepsiptera,  Dryinidae,  Pipenculidae,  and  Nematoda)  by  Otake  et  al  (1976),  in  Sri 
Lanka,  on  Sogatellafurcifera  and  Nilaparvata  lugens  showed  the  combined  effect  of 
these  parasites  in  checking  the  planthopper  population.  Kuno  (1968)  demonstrated 
that  the  parasites,  including  an  egg  parasite,  Anagrus  sp.  played  a  fairly  important  role  in 
controlling  Sogatellafurcifera  and  Nilaparvata  lugens  populations  in  Kyushu,  Japan. 
Dryinus  sp.  (A)  was  able  to  control  the  D.  hyalinata  population  to  some  extent 
particularly  during  the  monsoon  season.  This  can  be  attributed  to  the  larger  number  of 
nymphs  in  the  host  population,  particularly  during  peak  periods,  and  restriction  of 
parasitiwtion  always  to  the  nymphs.  It  was  also  observed  that  rainfall  affected  the 
Humphs  of  D.  hyalinata;  consequently,  it  also  affected  the  parasite  population;  but  for 
this  abiotic  factor,  the  effect  of  this  parasite  would  be  greater  on  the  host.  The  £. 
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tomentosa  population  on  C.  gigantea  was  effectively  controlled  by  tbe  egg  parasite, 
Proleurocerus  fulgoridis,  the  parasitisation  reaching  about  100%  before  the  host 
population  started  declining.  Although  Tetmstichus  sp.  was  found  less  effective  on  the 
eggs  of  E.  tomentosa  in  the  present  studies,  reports  are  available  on  the  effectiveness  of 
this  genus  as  a  successful  biological  control  agent.  Sen  (1948)  observed  a  high  intensity 
of  parasitisation  of  Pyrilla  perpusilla  by  Tetrastichus  pyrillae  in  Bihar  sugarcane  fields 
correlated  with  high  yield  in  the  crop,  while  Narayanan  and  Kundanlal  (1953)  showed 
the  major  influence  of  this  parasite  among  the  three  chalcid  parasites  of  P.  perpusilla.  In 
all  the  three  insects  studied,  the  abiotic  factors  played  a  major  role  in  controlling  the 
population.  In  D.  hyalinata  and-£.  tomentosa,  a  combined  effect  of  biotic  and  abiotic 
factors  was  evident  in  the  population  fluctuations. 

References     . 

Alam.S  1971*  Population  dynamics  of  the  common  leafhopper  and  planthopper.  pests  of -rice*  Ph.D.  Thesis 

submitted  to  the  University  of  Cornell,  New  York,  141  pp.  .  .- 
Atwal  A  S,  Chaudhary  J  P  and  Sohi  B  S  1967  Studies  on  the  biology  and  control  of  Sogatellafurcifera'Horv. 

(Delphacidae:  Homoptera)  in  Punjab;  J.  Res.  Punjab  Agric.  Univ.  5547-555  '  -     .   . 

Baskaran  P,  Narayahaswamy,  and  Vaithilingam  C  1979  Population  dynamics  and  control  of  brown 

planthopper  in  Chidambaram  area;  Recent  trends  in  rice  brown  planthopper  control;  Colloquium  on'Rice 

Brown  Planthopper,  KumbaJcQnam,  Tamil  Nadu,  June  .1979,  pp. ,22-2$  , 

Clausen  C  P  1949  Entomophagous  insects,  (New  York  McGraw-Hill)  688  pp. 
Kalode  M  B  19f4  Recent  changes  in  relative  pest  status  of  rice  insects  as  influenced  by  cultural,  ecological, 

and  genetic  factors.  Paper  presented  in  International  Rice  Research  Conference,  1974,  Philippine*, 

AICRIP,  PubL,  77  ;>;;  '  -       /.'          "          •      '  ' 

Kuno  El  968 -Studies  on  the  population  dynamics  of  rice  leafhoppers  in  a  paddy  field;  Bull.  Kyushu  Agric. 

Exp.  Stn^  14  131-246  ;  ..<,  .  . 

Marine-Acosta  J  C 1964  The  corn  leafhopper  Delphax  maidis  Ashm.  (Homoptera;  Delphacidae)  in  graduated 

corn  culture,  and  its  relationship  with  climatic  factors;  Rev.  Fac.  Agron.,  Univ.  Cent.,  Venezuela,  Maracay, 

342-68  *      ,      '  '•          '•*  :' 

Misra  C  S  1916  The  Indian  sugarcane  leafhopper,  Pyrilla  aberrant  Kirby.  M&n.Dept.  Agric.  India,  Entomdi. 

Ser.,  5  75-136  :  '  • 

Narayanan  E  S  and  Kundanlal  1953  Studies  on  the  chalcid  egg  parasftes  of  Pyrilla  spp.  occurring  in  Delhi. 

Part  I.  Bionomics  of  Tetrastichus  pyrillae  Crawf., Ageniaspis  pyrilfae  Mani,  and  Cheiloneurus  pyrittae 

Mani;  Indian  J.  Entomolr  15  173-179  ^  " 

Otake  A,  Somasundram  P  H  and  Abeykoon  M  B 1976  Studies  on  populations  of  Spgatellafurcifera  Horvath 

and  Nilaparvata  lugens  Stal  (Hemiptera:  Delphacidae)  and  their  parasites  in  Sri  Lanka;  Appl.  Entomol. 

Zoo/.  11  284-294 

Ptadhan  S  1972a  Paddy  yield  higher  in  cooler  regions;  Entomol.  Newsl,  2  63-64    , 
Pradhan  5  19:72b  Paddy  yield  higher  in  cooler  seasons  (Rabi  crop);  Entomol  NewsL,  2  68-69 
Pruthi  H  S  1937  On  the  Pyrilla  pest  of  sugarcane  in  India;  Indian  J.  Agric.  Sci.,  1  511-512 
Satpathy  J  Kdand  Maiti  B  K 1973  Studies  on  the  seasonal  variabilityln  population  density  and  distribution  of 
:   rice  Stoppers;  Prakruti  Utkal  Univ.  J.  Sci.  10  45-54  - 
Sen  A  C 1948  The  Pyrilla  pest  of  cane  in  Bihar  arid  its  control  by  the  utilisation  of  its  natural  parasites:  Indian 

^J.  Entomol.  1045-50      --• 
Swaminathan  S  and  Ana,nthakrishnan  T  N  1982  New  natural  enemy  complex  of  some  fulgoroids  (Insecta: 

Hpmoptera)  with  biological  studies  of  three  hymenopterous  parasites  (Insecta:  Hymenoptera);  Proc. 
.'  rnZianAcdd.  $ci.  (Anim.  Sci.)  91  177-187  ,  ..-.  '  "  '     ,,,e' 

Tao  L  Hand  Nagoan  N  D  1970  An-ecotogical  study  of  white-back  ptenthopperfSo^fltcito^r^rfl'-Horvatfi^ 

^inVietnam,  1968;  J.  Taiwan  Agric.  Res.,  19  82-89        ",  v-          '         ,.       :      ••--.. '•/.i:'V^.s^ 

Varadharajan  G 11979  Effect  of  meteorological  factors  on  Brown  planthopper  populations  Recent  Tren^  in 
t  Rjc^:Brown-Pla;pthoppper  iControl.  Colloquium  on  Rice  Brown  Planthopper,  Kumbakonam,  Tamil  Nadu, 
"'June  1979, 39-40  "  '  J"       " '"     K  ' ^ ' 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  I,  January  1984,  pp.  9-23. 
©  Printed  in  India. 


of  — V:  of  ilie 

off 


N  NAIR9  P  K  ABDUL  AZIS,  K  OHARi^ARAJ, 

M  ARUNACHALAM,  K  KRISHNA  KUMAR  and 
N  K  BALASUBRAMANIAN 

Department  of  Aquatic  Biology  and  Fisheries,  University  of  Kerala,  Trivandrum  695  007,, 
India. 

MS  received  21  March  1983 

Absteact.  Primary  productivity  at  four  representative  stations  in  the  Ashtamudi  estuary  has 
been  presented.  The  average  gross  and  net  productivities  in  the  surface  water  was  maximum  at 
Neendakara,  the  bar  mouth  zone  and  minimum  at  Kadapuzha,  the  riverine  zone  consistently 
exposed  to  pollution  from  paper  mill  effluents.  Ashtamudi,  the  station  directly  on  t^e  gradient 
line  and  Kanjirakode,  the  station  equidistant  from  Kadapuzha  and  Ashtamudi  presented  a 
transition  phase  with  regard  to  the  primary  productivity.  In  the  bottom  water  also  productivity 
was  minimum  at  the  polluted  zone.  Generally  productivity  at  sub-surface  levels  was  higher 
than  that  at  the  surface.  A  seasonal  pattern,  independent  of  various  environmental  parameters, 
was  discernible  both  in  the  gross  and  net  productivity  changes  at  surface  and  sub-surface  levels. 
High  concentrations  of  dissolved  oxygen,  silicate  and  nitrite  helped  to  maintain  higher 
productivities  at  Neendakara,  Ashtamudi  and  Kanjirakode  on  several  occasions  during  the 
year.  The  fact  that  productivity  at  the  polluted  Kadapuzha  station  was  the  lowest,  indicates 
that  the  paper  mill  effluent  has  considerably  disturbed  the  productivity  mechanism  of  this 
otherwise  healthy  ecosystem. 

Keywords.  Gross  productivity;  net  productivity;  ecological  factors;  surface  and  bottom 
waters. 


L     Introduction 

Since  all  organic  matter  available  in  our  estuary  is  primarily  synthesised  by  the  primary 
producers  and  the  products  are  transferred  to  consumers  through  different  trophic 
levels,  the  amount  of  primary  production  is  the  most  significant  factor  which 
determines  whether  or  not  a  particular  body  of  water  is  important  from  the  fisheries 
angle.  Despite  its  growing  importance,  studies  on  the  primary  productivity  of  the 
estuarine  waters  of  India  are  few  and  far  between.  Dehadrai  (1970),  Dehadrai  and 
Bhargava  (W72a),  Bhargava  (1973),  Bhargava  et  al  (1977)  and  Bhattathiri  et  al  (1976) 
have  reported  results  of  investigations  carried  out  in  the  Mandovi-Zuari  estuaries  in 
Ooa.  Another  well-documented  estuary  along  the  west  coast  of  India  is  the  Cochin 
estuarine  system  (Qasim  1970,  1979;  Qasim  and  Reddy  1967;  Qasim  et  al  1968,  1969, 
1972,  1974;  Nair  et  al  1975;  Pillai  et  al  1975).  These  papers  have  dealt  in  detail  the 
various  aspects  of  primary  productivity.  On  the  east  coast  of  India  data  are  available 
from  the  Veltar  estuary  (Bhatnagar  1971,  Purushothaman  and  Bhatnagar  1976; 
Subramonian  and  Venugopalan  1978).  Qasim  (1979)  attempted  to  review  the 
productivity  studies  in  the  Indian  seas  and  estuaries.  Dunbar  (1979)  reviewed  the 
productivity  mechanisms  in  diverse  climatic  zones  in  the  world. 
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Kerala  is  endowed  with  an  extensive  tract  of  perennial  and  temporary  estuaries  lying 
almost  parallel  to  the  Arabian  Sea.  Of  the  30  such  water  bodies,  report  on  the  primary 
productivity  is  available  only  from  the  Cochin  backwater.  The  present  investigation 
was  undertaken  in  the  light  of  the  lacuna  that  exists  in  our  scientific  understanding  of 
the  nature  of  productivity  of  the  large  number  of  these  estuaries  in  Kerala  with  a  view  to 
preparing  detailed  field  plans  to  establish  aquaculture  farms  along  the  backwater  tracts 
of  Kerala.  The  study  is  particularly  relevant  in  the  context  of  the  ever-increasing  threat 
to  the  estuarine  ecosystem  of  Kerala  from  various  sources  of  pollution  such  as  factory 
effluents,  oil  spills,  retting  etc.  It  is  Intended  as  a  base  line  study  which  would  be  helpful 
to  plan  out  programmes  of  fish  culture:  in  the  state. 

2.     Environment 

The  present  investigations  have  been  conducted  in  the  Ashtamudi  estuary  (latitude: 
8°53'  N-9°'02TN;  longitude:  76°31'  E-76°41'  E)  (figure  1).  The  Kallada  river  with  a 
catchment  basin  of  about  960  km2  after  traversing  for  about  120  km,  across  the  state 
drains  into  the  estuary.  A  paper  mill,  situated  on  the  banks  of  the  river  is  a  major  source 
of  pollution.  Four  stations  viz  Neendakara  (I),  Ashtamudi  (II),  Kanjirakode  (III),  and 
Kadapuzha  (IV)  have  been  selected  for  regular  observations.  Station  I  is  the  marine- 
dominated  estuary  mouth,  station  IV  is  a  riverine  zone  while  stations  II  and  III  are 
intermediate  zones. 


-9  02 


8"53 


7631 


Figure  1.    Map  of  the  Ashtamudi  estuary  showing  the  study  sites. 
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The  present  study  was  undertaken  during  July  1980-June  1981  in  the  surface  and 
bottom  waters  at  four  stations  in  the  Ashtamudi  estuary.  The  rate  of  primary 
production  was  measured  following  the  light  and  dark  bottle  method  as  given  by 
Strickland  and  Parsons  (1972)  and  modified  by  Qasim  et  al  (1969).  All  precautions 
suggested  by  Vollenweider  (1969)  have  been  strictly  followed  in  conducting  the 
experiments.  The  bottom  water  samples  were  kept  at  about  2  m  depth  for  all 
experiments.  Analysis  of  variance  technique  as  given  by  Snedecor  and  Cochran  (1967) 
was  used  for  various  statistical  tests. 

4.    Results 

Fortnightly  variations  in  the  gross  and  net  productivities  in  the  Ashtamudi  estuary 
during  1980-1981  are  shown  in  figures  2  and  3.  The  mean  seasonal  variations  and  the 
annual  mean  are  presented  in  table  1. 

4.1     Gross  productivity 

The  maximum  gross  productivity  of  the  surface  water  at  Neendakara  was  recorded  in 
July  (341-82  mg  C/m3/hr),at  Ashtamudi  and  Kadapuzha  in  August  (28040  and  227-90 
mg  C/m3/hr  respectively)  and  at  Kanjirakode  in  November  (208-89  mg  C/m3/hr) 
(figure  2).  Gross  productivity  touched  zero  values  at  all  these  stations  during  September 
and  October.  When  the  average  values  were  computed  a  seasonal  pattern  has  emerged 
at  Neendakara  when  July-October  recorded  the  highest  figure  (196-56  mg  C/m3/hr) 
and  November-February,  the  lowest  (91-03  mg  C/m3/hr).  March-June  was  found  to 
be  a  period  of  recovery  (table  1).  The  seasonal  variation  at  Neendakara  was  significant 
(p  <  0-01)  (table  2).  Such  a  distinct  seasonal  pattern  was  however  absent  at  the  other 


Table  1.     Mean  seasonal  and  annual  variations  in  the  primary  productivity  (mg  C/m3/hr)  of 
the  Ashtamudi  estuary. 

Stations 


Neendakara 


Ashtamudi 


Kanjirakode 


Kadapuzha 


NP 

GP 

NP 

GP 

NP 

GP 

NP 

GP 

Season  I 
July-October 
1980 

SW 
BW 

101-17 
85-45 

196-56 
170-35 

61-46 
115-02 

105-15 
171-40 

55-83 
87-80 

83-16 
123-75 

55-16 
31-50 

103-28 
78-87 

Season  II 
November  '80- 
February  '81 

SW 
BW 

48.36 
81-88 

91-03 
117-94 

68-25 
68-21 

110-38 
127-94 

59-79 
68-50 

123-01 
164-34 

39-74 
55-42 

100-74 
96-91 

Season  III 
March  -June 
1981 

SW 
BW 

73-59 
57-92 

156-67 
184-51 

68-84 
86-69 

112-20 
130-81 

47-48 
•61-10 

121-70 
135-93 

50-86 
69-91 

106-82 
113-09 

Yearly  mean 

SW 
"BW 

74-37 
75-08 

148-09 
157-60 

66-18 
89-97 

109-24 
143-38 

54-37 
72-46 

109-28 
141-34 

48-59 
48-94 

103-62 
96-29 
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Figure  2.    Fortnightly  variations  of  the  gross  productivity  in  the  surface  and  bottom  waters 
of  the  Ashtamudi  estuary  during  1980-1981. 


stations  and  the  variations  were  not  significant.  As  the  range  in  the  seasonal  production 
was  low  it  can  be  concluded  that  the  gross  productivity  in  the  surface  water  at  these 
stations  was  relatively  uniform  throughout  the  year.  The  average  annual  gross 
productivity  in  the  surface  water  was  maximum  at  Neendakara  (148-09  mgC/m3/hr), 
the  station  nearest  to  the  marine  zone  and  minimum  at  Kadapuzha  (103-62  mg 
C/m3/hr),  situated  farthest  from  the  sea  on  the  riverine  zone.  Ashtamudi  is  the  station 
that  lies  directly  on  the  gradient  line  from  the  marine-dominated  Neendakara  to  the 
freshwater-dominated  Kadapuzha  station.  At  Ashtamudi  the  annual  average  was 
109-24  mg  C/m3/hr.  So  a  downward  trend  in  gross  production  was  evident  from 
Neendakara  to  Kadapuzha  reflecting  the  consequences  of  pollution  resulting  from  the 
paper  mill  effluents  reaching  the  area.  Kanjirakode  is  the  station  that  lies  equidistant 
fr@m  Kadapuzha  and  Ashtamudi  in  the  innermost  segment  of  the  estuary.  Here  the 
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Figure  3.     Fortnightly  variations  of  the  net  productivity  in  the  surface  and  bottom  ^tef$df 
the  Ashtamudi  estuary  during  1980-1981. 


gross  productivity  was  slightly  higher  than  that  at  Neendakara.  However,  the  variations 
between  the  stations  were  not  statistically  significant  (table  4). 

The  gross  productivity  in  the  bottom  water  at  Neendakara  was  maximum  in  June 
(398-78  mg  C/m3/hr),  at  Ashtamudi  in  July  (322-83  mg  C/m3/hr),  at  Kanjirakode  ip 
November  (341-82  mg  C/m3/hr)  and  at  Kadapuzha  in  April  (246-87  mg  C/m3/hr).  NO 
productivity  was  observed  just  as  in  the  surface  water  during  September-October  at  all 
the  stations  (figure  2).  Computation  of  seasonal  values  has  shown  that  the  gross 
productivity  that  was  higher  during  July-October  at  Neendakara  and  Ashtamudi  fall 
to  lower  values  during  November-February  and  gave  higher  figures  during 
March-June  (table  1).  At  Kanjirakode  low  values  during  July-October  picked  up  in  the 
succeeding  period  and  declined  afterwards.  At  Kadapuzha  gross  productivity  maii|f 
tained  an  ascending  trend  from  season  I  to  season  III.  Seasonal  grosVproductivity  in  the 
bottom  water  was  maximum  at  Neendakara  (184-51  mg  C/na3/Ur)  during  March- June, 
at  AshtamiKii  during  J^ty-October  (171-40  mg  C/m3/is*),  at  Kaiftjirakode  Curing 
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Table  4.    F-ratio  from  analysis  of  variance  test  comparing  the  net  and  gross  pro- 
ductivities between  the  different  stations  in  the  Ashtamudi  estuary. 

F-ratio 
NP-SW  NP-BW  GP-SW  GP-BW 


Between 
different 
stations                1-4948 

3-26600)              2-7064 

3-26800) 

Between 
seasons                0-7715 

0-3200                 0-8300 

0-3272 

Between 
periods 
within  season       1-3804 

2-28760)              2-69550) 

2-95540) 

a:  Significant  at  5  %  level;  b:  Significant  at  1  %  level 

November-February  (164-34  mg  C/m3/hr)  and  at  Kadapuzha  during  March-June 
(113-09  ing  C/m3/hr).  The  seasonal  variations  were  significant  only  at  Ashtamudi 
Kadapuzha  (p  <  0-05)  (table  2).  The  annual  average  gross  productivity  in  the  bottom 
water  was  higher  than  that  of  the  surface  water  at  all  the  stations  except  Kadapuzha 
where  the  situation  was  the  reverse.  The  annual  averages  show  that  the 
productivity  in  the  bottom  water  also  exhibited  a  decreasing  trend  from  Neendakara  to 
Kadapuzha.  The  annual  average  at  Neendakara  was  1 57-6  mg  C/m3/hr,  at  Ashtamudi  it 
was  143-38  mg  C/m3/hr.  The  value  at  Kanjirakode  was  lower  than  that  at  Ashtamudi 
but  higher  than  that  at  Kadapuzha  (table  1).  The  variation  between  the  gross 
productivity  in  the  bottom  waters  was  significant  between  all  the  stations  (p  <  0-05) 
(table  4).  But  the  variation  of  gross  productivity  between  the  surface  and  bottom  waters 
was  significant  only  at  Kajijirakode  (table  3). 

4;2    Net  productivity 

The  net  productivity  of  the  surface  water  at  Neendakara  was  maximum  in  July 
(284-85  mg  C/m3/hr),  at  Ashtamudi  in  April  (208-89  mg  C/m3/hr),  at  Kanjirakode  in 
May  (151-92mgC/m3/hr)  and  at  Kadapuzha  in  August  (180-40  mgC/m3/hr).  Net 
productivity  at  all  these  stations  was  nil  for  a  brief  period  during  September  and 
October  (figure  3).  Neendakara  and  Kadapuzha  stations  resembled  each  other  in  their 
seasonal  variations  in  that  the  net  productivity  during  July-October  was  maximum  at 
Ipth  the  stations.  The  values  declined  during  November-February  and  picked  up  in  the 
subsequent  period  (table  1).  At  Ashtamudi  net  productivity  maintained  an  ascending 
trend  from  season  I  to  season  III  and  at  Kanjirakode  low  productivity  during 
July-October  reached  peak  values  during  November-February  and  declined  there- 
after. The  annual  averages  have  shown  that  the  net  productivity  in  the  surface  water 
was  maximum  at  Neendakara  (74-37  mgC/m3/hr),  and  minimum  at  Kadapuzha 
^8-59  mg  C/m3/hr).  The  valyss  decreased  from  the  marine  to  the  freshwater  zone 
along  the  gradient  as  was  seen  in  the  gross  productivity  of  the  surface  water.  However, 
the  variations  between  the  stations  were  not  significant  (table  4). 
The  net  productivity  of  Hie  bottom  water  was  maximum  in  December 
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(208-89  mg  C/m3/hr)  at  Neendakara,  in  April  (218-79  mg  C/m3/hr)  at  Ashtamudi;  in 
August  (225-86  mgC/m3/hr)  at  Kanjirakode  and  in  April  (170-91  mg  CVm3/hr)  at 
Kadapuzha  (figure  3).  Nil  values  were  observed  at  all  the  stations  during 
September-October.  In  the  case  of  the  bottom  water,  the  seasonal  net  productivity  was 
maximum  at  Neendakara  and  Kanjirakode  during  July-October  and  it  maintained  a 
decreasing  trend  throughout  the  succeeding  seasons.  At  Ashtamudi  the  peak  value 
during  July-October  decreased  during  November-February  and  showed  a  trend  of 
recovery  during  March-June.  At  Kadapuzha  net  productivity  in  the  bottom  main- 
tained an  upward  trend  from  season  I  to  III  (table  1).  The  annual  net  production  was 
only  slightly  higher  than  that  in  the  surface  water  and  did  not  show  a  decreasing  trend 
from  the  marine  to  the  freshwater  zone  as  was  seen  in  surface  water  net  production. 
Annual  production  was  maximum  at  Ashtamudi  (89-97  mg  C/m3/hr)  and  minimum  at 
Kadapuzha  (48-94  mg  C/m3/hr).  The  variation  between  the  stations  has  been  signifi- 
cant (p  <  0*05)  (table  4).  When  the  net  and  gross  productivities  in  the  various  stations 
were  computed  it  was  significant  both  in  the  surface  and  bottom  waters  (table  2).  The 
variation  of  the  net  productivity  in  the  surface  and  bottom  waters  was  significant  only 
at  Ashtamudi  (table  3), 

5.    Discussion 

5.1     Primary  productivity  and  ecological  factors 

5.1a  Light:  One  of  the  most  obvious  ecological  factors  influencing  primary 
production  is  the  amount  of  solar  energy  reaching  the  surface  of  the  sea  (Nair  and 
Thampi  1980)  and  it  depends  on  the  altitude  of  the  sun  and  the  changing  weather 
pattern.  The  light  that  penetrates  the  water  varies  from  fortnight  to  fortnight.  The  mean 
seasonal  depth  of  light  penetration  at  the  various  stations  are  given  below. 


Depth  of  light  penetration  (in  cm)  at  the 
various  stations 


Season  Neendakara       Ashtamudi       Kanjirakode       Kadapuzha 


July-October 

68-56 

92-04 

88-94 

83-51 

November-February 

130-56 

160-50 

148-50 

100-94 

March-June 

69-13 

114-25 

133-88 

72-00 

The  mean  light  penetration  was  lowest  at  all  the  stations  during  July-October 
synchronising  with  high  turbidity  and  heavy  river  discharge.  Light  penetration  was 
maximum  during  November-February,  the  period  of  bright  sunshine  during  the  year. 
It  declined  during  March-June.  The  fortnightly  light  penetration  depth  was  maximum 
it  Neendakara  (187-5  cm)  in  the  latter  half  of  January,  at  Ashtamudi  (219  cm)  in  early 
February,  at  Kanjirakode  (228  cm)  in  late  February  and  at  Kadapuzha  (138-5  cm)  in 
late  January.  Light  penetration  depth  was  minimum  in  early  July  at  Neendakara 
(39-5  cm),  at  Ashtamudi  (44-8  cm)  and  at  Kanjirakode  (28-5  cm)  whereas  at  Kadapuzha 
it  was  observed  in  late  September  (15-1  cm). 

When  the  variation  in  light  penetration  depth  at  the  various  stations  has  been  placed 
in  conjunction  with  the  fortnightly  data  on  the  rate  of  gross  and  net  productivity  it  was 
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found  that  the  peak  in  the  production  has  been  quite  independent  of  high  or  low 
illuminations.  The  peaks  of  gross  productivity  occurred  at  Neendakara  in  July,  at 
Ashtamudi  in  early  August,  at  Kanjirakode  in  early  November  and  at  Kadapuzha  in  the 
latter  half  of  August.  The  peaks  of  net  productivity  occurred  at  Neendakara  in  early 
July,  at  Ashtamudi  in  late  April,  at  Kanjirakode  in  early  May  and  at  Kadapuzha  in  late 
August.  None  of  these  observations  synchronised  with  the  peak  illumination  recorded 
in  the  area.  This  shows  that  the  fortnightly  variations  in  light  penetration  have  not  acted 
as  a  limiting  factor  in  the  productivity  mechanism  of  the  Ashtamudi  estuary  as  a  whole. 
Similar  situations  have  been  observed  by  Steeman  Nielsen  (1963)  and  Qasim  et  al  (1969) 
in  certain  tropical  areas. 

Roughly  three  times  the  sechi  disc  depth  is  taken  as  the  euphotic  zone  (Nair,  1970). 
Accordingly  the  euphotic  zone  at  Neendakara  ranged  from  1-18  to  5-62  m,  at 
Ashtamudi  from  1-34  to  6-57  m,  at  Kanjirakode  from  0-85  to  6-84  m  and  at  Kadapuzha 
from  045  to  4*15  m.  The  size  of  the  euphotic  zone  in  the  Ashtamudi  estuary  is  bigger 
than  that  observed  in  the  Cochin  estuary  (Qasim  et  al  1968)  and  in  the  Mandovi-Zuari 
estuary  (Qasim  1979)  where  the  range  was  2  to  6  m  and  1  to  4  m  respectively.  In  the 
Vellar  estuary  the  euphotic  zone  reaches  the  bottom  (Purushothaman  and  Bhatnagar 
1976).  Further,  in  the  Ashtamudi  estuary,  it  was  also  noticed  that  the  mean  depth  of  the 
euphotic  zone  was  maximum  during  November-February  and  minimum  during 
July-October  periods.  When  we  consider  the  productivity  data  in  the  context  of  the 
information  on  the  size  of  the  euphotic  zone  it  can  be  seen  that  the  productivity  maxima 
were  independent  of  the  euphotic  zone  in  the  estuary. 

Another  interesting  factor  noticed  was  the  slightly  higher  productivity  rates  in  the 
bottom  layer  than  that  of  the  surface  water.  The  situation  was  reverse  only  at 
Kadapuzha  where  the  water  was  polluted.  Nair  and  Thampi  (1980)  have  explained  the 
reason  for  the  slightly  higher  productivity  in  the  bottom  waters  of  tropical  areas. 
According  to  them  even  though  light  is  a  prime  necessity  for  photosynthesis  and  the 
rate  of  photosynthesis  varies  in  proportion  to  the  light  intensity,  there  is  a  limit  at  which 
plants  become  light-saturated  and  further  increase  in  illumination  produces  no  further 
increase  of  photosynthesis.  In  bright  sunlight,  the  surface  water  seem  to  receive 
illumination  above  the  saturation  level  for  most  of  the  phytoplankton.  In  such  a 
situation  maximum  photosynthetic  production  occurs  beneath  the  surface  layer 
depending  upon  light  intensity.  Such  a  situation  can  be  attributed  to  the  higher 
productivity  rates  in  the  bottom  waters  of  the  Ashtamudi  estuary.  Venugopalan  (1969) 
reported  higher  productivity  in  the  bottom  waters  of  the  Vellar  estuary  during 
February-April  1966  whereas  Purushothaman  and  Bhatnagar  (1976)  during  the  same 
period  in  1969  reported  lower  productivity  in  the  bottom  water  of  the  same  estuary.  In 
the  Cochin  estuary  also  bottom  water  productivity  was  less  than  that  of  the  surface 
water.  According  to  Qasim  et  al  (1969),  nearly  90%  of  the  total  production  is  confined 
to  a  narrow  zone  of  0-1-5  m.  During  February-May  (pre-monsoon  period)  and  during 
June-September  (monsoon  period)  when  the  turbidity  was  very  high  maximum 
production  occurred  at  the  surface,  but  during  October-January  (post-monsoon 
period)  when  the  light  penetration  was  greater  maximum  production  occurred  below 
the  surface. 

5.1b  Other  ecological  factors:  The  gross  and  net  primary  productivity  in  the 
Ashtamudi  estuary  has  been  considered  in  the  context  of  the  highly  fluctuating 
physicochemical  factors  ruled  by  the  monsoon  rain  and  river  discharge.  Rainfall  and 
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river  discharge  were  the  heavies  touring  July-October  followed  by  November- 
February.  ^ 

Correlation  analysis  was  done  to  find  out  how  the  physicochemical  factors  are 
related  to  the  gross  and  net  productivity  changes  in  the  Ashtamudi  estuary  and  the 
data  are  presented  in  table  5. 

The  correlation  coefficient  did  not  reveal  any  significant  relationship  between 
primary  production  and  either  temperature,  or  salinity  or  hydrogen-ion-concentration, 
Pillai  et  al  (1975)  observed  a  similar  situation  in  the  Vembanad  lake  where  temperature 
and  salinity  did  not  show  any  significant  impact  on  the  productivity  of  the  ecosystem 
whereas  Purushothaman  and  Bhatnagar  (1976)  observed  a  positive  correlation  of 
productivity  with  temperature  and  salinity.  Qasim  (1972)  stated  that  the  temperature  of 
water  is  of  little  direct  importance  to  production  in  tropical  seas  whereas  salinity  has  a 
marked  influence  on  photosynthesis  and  growth  of  phytoplankton. 

The  correlation  between  dissolved  oxygen  and  the  gross  productivity  in  the  surface 
water  was  remarkable  in  that  productivity  increased  and  decreased  along  with  the 
fluctuations  in  the  oxygen  concentration.  The  correlation  was  significant  at  5  %  level  at 
Ashtamudi  and  at  1  %  level  at  Kanjirakode.  In  the  bottom  water,  although  the 
correlation  was  remarkable,  it  was  significant  at  1  %  level  only  at  Kanjirakode.  The 
correlation  of  dissolved  oxygen  with  the  net  productivity  in  the  surface  and  bottom 
waters  was  also  noticeable  at  the  various  stations  in  the  estuary,  but  was  not  significant. 
Depletion  of  dissolved  oxygen  in  the  surface  and  bottom  waters  caused  total  failure  of 
primary  production  at  all  the  stations  during  September-October.  High  concentrations 
of  dissolved  oxygen  always  tended  to  result  in  higher  gross  and  net  productivities.  Such 
was  the  relationship  of  oxygen  with  the  gross  and  net  productivities  in  the  Ashtamudi 
estuary. 

Availability  of  nutrients  has  been  recognised  as  one  of  the  major  factors  controlling 
primary  production  (Qasim  1972).  Data  on  phosphate,  nitrate,  nitrite  and  silicate  have 
been  collected  to  determine  the  extent  of  influence  of  these  factors  on  the  gross  and  net 
production  in  the  estuary.  Phosphate  showed  a  positive  correlation  with  the  gross 
productivity  in  the  surface  water  at  Neendakara  whereas  the  relationship  at  the  other 
stations  was  negatively  correlated  irrespective  of  the  fact  that  phosphate  was  always 
available  in  the  environment.  Phosphate  in  the  bottom  water  also  exhibited  a  negative 
correlation  with  the  gross  productivity  in  most  of  the  stations.  With  regard  to  the  net 
productivity  phosphate  had  a  positive  correlation  only  in  the  surface  and  bottom  water 
at  Neendakara  and  in  the  surface  water  at  Kadapuzha. 

High  concentration  of  nitrate  was  observed  at  Kanjirakode  and  Kadapuzha,  the 
latter  showing  the  higher  values.  But  the  highest  values  at  the  four  stations  did  not 
coincide  with  the  highest  production.  The  correlation  with  the  gross  productivity  in  the 
surface  water  was  positive  only  at  Kanjirakode  and  Kadapuzha  and  in  the  bottom 
water  only  at  Ashtamudi  and  Kanjirakode.  The  correlation  with  the  net  productivity  in 
the  surface  water  was  positive  only  at  Kadapuzha  and  in  the  bottom  water  was  positive 
only  at  Neendakara  and  Kanjirakode.  At  all  other  stations  the  correlation  was  negative. 
However  none  of  the  correlations  was  statistically  significant  (table  5). 

Nitrite  depletion  was  evident  at  Neendakara,  Ashtamudi  and  Kanjirakode  for  a 
short  while  during  March-April  but  does  not  seem  to  have  inhibited  primary 
production.  The  correlation  of  the  gross  production  with  the  nitrite  distribution  was 
significant  at  5  %  level  only  at  Kadapuzha  whereas  at  the  other  stations  the  relationship 
was  negative.  The  net  productivity  at  Neendakara  and  Kanjirakode  had  a  positive 
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correlation  with  nitrite  in  the  surface  and  bottom  waters  (table  5). 

Silicate  concentration  was  noticed  in  appreciable  concentrations  at  Ashtamudi, 
Kanjirakode  and  Kadapuzha  stations.  Its  correlation  with  the  gross  productivity  in  the 
surface  water  was  positively  correlated  at  all  these  stations,  whereas  in  the  bottom  water 
the  correlation  was  positive  only  at  Neendakara  and  Ashtamudi.  Similarly  the 
correlation  with  the  net  productivity  in  the  surface  water  was  positively  correlated  at 
Ashtamudi,  Kanjirakode  and  Kadapuzha  whereas  in  the  bottom  water,  the  correlation 
was  positive  only  at  Ashtamudi  and  Kanjirakode. 

Qasim  et  al  (1969)  stated  that  while  there  is  a  close  correlation  between  the  cycles  of 
phosphorus  and  organic  production  in  the  Cochin  backwaters,  the  nitrogen  cycle  is 
completely  unconnected  with  the  productivity  rhythm.  But  according  to  Filial  a  al 
(1975)  nitrite  did  not  show  any  relationship  with  primary  production  rates  while 
phosphate  distribution  showed  a  negative  relationship  with  the  production  rate  in  the 
same  backwater  tract.  In  the  present  study  our  data  on  the  gross  and  net  productivities, 
although  exhibited  certain  positive  trends  with  the  environmental  factors,  generally 
remained  independent  with  regard  to  peak  productions  both  in  the  surface  and  bottom 
water.  Sankaranarayanan  and  Qasim  (1969)  observed  no  firm  basis  for  believing  that 
the  instantaneous  concentrations  of  nutrients  on  inorganic  salts  in  the  estuary  provide  a 
significant  source  of  phytoplankton  bloom. 

The  gross  and  net  productivity  in  the  estuary  during  the  present  investigation 
showed  interesting  correlation  in  that  the  surface  water  at  Neendakara  showed  a 
correlation  coefficient  0-6113,  whereas  at  Ashtamudi  it  was  0-7635,  at  Kanjirakode  it 
was  0-6724  and  at  Kadapuzha  it  was  0-4263.  The  correlation  was  significant  at  I  °0  level 
in  the  first  three  stations  and  at  5  %  level  in  the  last  mentioned  station.  The  correlation 
in  the  bottom  water  was  0-7252  at  Ashtamudi,  and  0-6512  at  Kanjirakode  both  values 
significant  at  1  %  level.  The  correlation  pattern  observed  at  Neendakara  and 
Kadapuzha  was  the  same  as  that  observed  in  the  surface  water.  Such  correlations  have 
been  observed  in  the  Cochin  estuary  (Qasim  et  a!  1969;  Qasim  1970),  in  the 
Mandovi-Zuari  estuarine  system  (Dehadrai  1970;  Dehadrai  and  Bhargava  1972b)  in 
the  Vellar-Coleron  estuaries  (Venugopalan  1969;  Bhatnagar  1971;  Purushothaman 
and  Bhatnagar  1976)  and  in  the  mangrove  ecosystem  at  Porto  Novo  (Krishnamoorthy 
and  Sundararaj  1973). 

5.2    Comparison  with  other  estuaries 

A  scrutiny  of  the  data  on  primary  productivity  rates  available  from  the  Indian  estuaries 
has  shown  that  the  Ashtamudi  estuary  is  one  of  the  extremely  productive  estuaries  in  the 
country  with  tremendous  resilience  to  face  the  threat  of  pollution  and  sustain  a  rich 
fishery  composed  of  prawns,  crabs,  clams  and  fishes.  The  gross  productivity  in  the 
Ashtamudi  estuary  ranged  from  18-99  to  341-82  mg  C/m3/hr  in  the  surface  water  and 
from  18-99  to  398-78  mg  C/m3/hr  in  the  bottom  water,  whereas  in  the  Vellar-Coleron 
estuarine  system  it  varied  from  11-77  to  36-99  mg  C/m3/hr  in  the  surface  and  from 
21-88  to  58-83  mg  C/m3/hr  in  the  bottom  water  (Venugopalan  1969).  The  net 
productivity  in  the  Ashtamudi  estuary  ranged  from  4-80  to  284-85  mg  C/m3/hr  in  the 
surface  and  from  31-30  to  225-86  mg  C/m3/hr  in  the  bottom  water  while  the  range  in 
the  Vellar-Coleron  system  was  6-72  to  25-22  and  18-48  to  47-07  mg  C/m3/hr 
respectively.  This  shows  that  the  gross  and  net  productivities  in  the  Ashtamudi  estuary 
obtained  now  are  much  higher  than  the  productivities  in  the  Veliar-Coleron  estuarine 
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system  on  the  east  coast  of  India.  The  data  provided  by  Bhatnagar  (1971)  also  justify 
this  conclusion. 

For  comparison  with  the  Cochin  estuary  and  the  Mandovi-Zuari  estuaries,  the 
present  data  have  been  computed  into  14  hr  day  production  following  Qasim  et  al 
(1969).  Thus,  the  gross  productivity  in  the  Ashtamudi  estuary  ranged  from  88-68  to 
1596-3  mg  C/m3/day  in  the  surface  and  from  88-68  to  1862-3  mg  C/m3/day  in  the 
bottom  waters.  In  the  Mandovi  estuary  gross  productivity  range  was  from  135  to 
550  mg  C/m3/day  and  in  the  Zuari  the  range  was  from  150  to  580  mg  C/m3/day  in  the 
surface  waters  (Qasim  1979).  No  value  was  available  for  the  bottom  waters  of  these 
estuaries.  Similarly  the  net  productivity  in  the  Ashtamudi  estuafy  ranged  from  22-41  to 
1330-25  mg  C/m3/day  in  the  surface  water  and  from  73-10  to  1054-77  mg  C/m3/day  in 
the  bottom  water.  The  range  in  the  surface  water  net  productivity  at  Mandovi  was  from 
95  to  274  mg  C/m3/day  and  at  Zuari  from  60  to  245  mg  C/m3/day.  These  values  show 
that  the  Goan  estuaries  are  less  productive  than  the  Ashtamudi  estuary.  The  values  of 
gross  and  net  productivities  in  the  Cochin  estuary,  computed  for  the  entire  water 
column,  are  expressed  in  mgC/m2/day.  According  to  Qasim  et  al  (1969)  the  gross 
productivity  in  the  Cochin  estuary  varied  from  311  to  1851  mgC/m2/day  and  the  net 
productivity  from  232  to  1211  mgC/m2/day.  According  to  a  more  recent  record  the 
highest  production  recorded  in  the  Cochin  estuary  was  245  mg  C/m3/hr  (Pillai  et  al 
1975).  Although  the  different  methods  followed  in  the  estimation  of  productivity  places 
a  limitation  in  comparison  it  can  be  reasonably  stated  that  the  Cochin  estuarine  system 
is  slightly  less  productive  than  the  Ashtamudi  estuary.  However  it  must  be  noted  that 
both  these  estuaries  on  the  south-west  coast  of  India  are  highly  productive  throughout 
the  year  and  are  much  more  productive  than  the  estuaries  on  the  coast  of  Goa  and  on 
the  east  coast  of  India.  It  is  reported  that  the  mangrove  swamps  on  the  east  coast  of 
India  at  Pichavaram  are  extremely  productive  ecosystems  when  compared  with  open 
estuarine  tracts.  The  average  gross  and  net  productivities  here  stood  at  756  and  629  mg 
C/m3/day  respectively  (Krishnamoorthy  and  Sundararaj  1973). 

The  surface  and  sub-surface  productivity  pattern  differs  widely  in  the  different 
geographical  regions.  In  the  Ashtamudi  estuary  sub-surface  productivity  was  more 
than  that  of  the  surface  layer  whereas  in  the  Cochin  estuary  sub-surface  production  was 
less  than  that  of  the  surface  layer  (Qasim  et  al  1969).  In  the  Vellar-Coleron  estuarine 
system  both  the  patterns  were  observed  at  different  times  (Venugopalan  1969; 
Purushothaman  and  Bhatnagar  1976).  Bhargava  et  al  (1978)  reported  that  in  the 
Arabian  sea  also  sub-surface  productivity  was  found  to  be  maximum  at  different 
regions  and  at  different  times.  They  have  attributed  this  to  the  chlorophyll  maxima  and 
concomitant  high  rate  of  photosynthesis  at  sub-surface  levels. 
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Screening  of  mothbean  Vigna  aconitifolia  Jacq  varieties  against  the 
pulse  beetle  Callosobruchus  chinensis  Linn. 
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Abstract.  The  oviposition  response  and  development  of  Callosobruchus  chinensis  Linn  was 
studied  on  twenty  promising  varieties  of  mothbean.  Though  the  beetle  oviposited  on  all 
varieties,  the  preference  for  oviposition  was  not  related  to  the  suitability  of  seeds  for  the 
development.  The  development  of  grub  was  also  not  dependent  on  the  amount  of  food 
consumed.  There  was  significant  difference  among  the  varieties  in  the  amount  of  food 
consumed  per  grub  and  the  loss  of  100  seed  weight.  On  the  basis  of  food  consumed  per  grub 
and  loss  of  100  seed  weight  as  a  combined  criterion,  the  varieties  are  grouped  into  least 
susceptible,  moderately  susceptible  and  highly  susceptible  varieties. 

Keywords.     Vigna  aconitifolia;  Callosobruchus  chinensis;  ovirtosition;  mothbean 


1.    Introduction 

Mothbean  Vigna  aconitifolia  Jacq  is  one  of  the  important  kharif  pulses  commonly 
grown  in  the  arid  zone  of  Rajasthan.  All  pulses  including  the  mothbeans  are  badly 
damaged  by  pulse  beetles  both  in  field  and  storage  conditions.  The  damage  is  caused  by 
the  grubs  which  bore  into  the  seeds  and  feed  on  the  contents.  The  extent  of  damage  and 
relative  susceptibility  of  different  pulses  to  the  attack  of  bruchids  viz.  Callosobruchus 
chinensis  Linn  and  Callosobruchus  maculatus  Fab.  have  been  reported  earlier 
(Ragupathy  and  Rathinaswamy  1970;  Reddy  and  Singh  1972;  Singh  and  Talluri  1972; 
Singh  and  Singh  1973;  Wadnerkar  et  al  1978;  Dabi  et  al  1978,  1979;  Satya  Vir  1981). 
However,  practically  no  work  has  been  done  on  the  screening  of  mothbean  varieties  to 
the  pulse  beetles.  The  present  investigation  was  undertaken  to  screen  the  most 
promising  varieties  of  mothbean  for  their  relative  susceptibility  to  the  pulse  beetle, 
Callosobruchus  chinensis  Linn. 


2.    Material  and  methods 

Twenty  promising  varieties  of  mothbean  commonly  grown  in  the  Western  part  of 
Rajasthan  were  obtained  and  uncontaminated,  healthy  seeds  were  sterilized  and  the 
moisture  contents  of  seeds  maintained  between  12-5  to  13  %.  One  hundred  seeds  of  each 
variety  were  weighed  and  kept  in  plastic  vials  (5x4x3  cm).  The  experiments  were 
replicated  four  times  for  each  variety.  Three  pairs  of  newly  emerged  adults  from 
uniparental  culture  were  introduced  into  each  vial  except  the  fourth  replication,  which 
was  kept  without  beetles  as  control  for  each  variety.  After  10  days  the  beetles  were 
removed  and  the  number  of  eggs  laid  on  each  variety  was  counted.  All  the  experiments 
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were  carried  out  in  an  incubator  at  a  constant  temperature  of  28  ±  2  °C  and  humidity  of 
50-60  %r.h. 

The  emergence  of  beetles  was  recorded  daily  for  45  days.  After  each  observation  the 
emerged  beetles  were  removed  to  prevent  further  breeding.  The  damaged  seeds  were 
weighed  after  removing  all  dough  and  unhatched  eggs.  The  food  consumed  per  grub 
and  loss  of  100  seed  weight  was  worked  out  after  correcting  the  total  seed  loss  with  the 
weight  loss  in  the  control.  The  average  development  period  and  percentage  emergence 
of  adults  were  calculated.  The  correlation  coefficient  (r)  was  calculated  between  various 
life  processes  of  the  beetle  and  the  physical  characters  of  seed  to  establish  possible 
relationship  between  them. 


3.    Results  and  discussion 

The  results  (table  1)  reveal  that  all  the  varieties  of  mothbean  were  utilized  by  the  beetle 
for  egg  laying.  The  response  of  oviposition  however  varied  significantly.  Varieties  G-I, 
IPCMO-909,  IPCMO-884  and  Jhalawar-1  (with  average  of  207-33  to  235-33  eggs) 
showed  preference  foe  oviposition  as  compared  to  variety  PLMO149  (with  an  average 
of  134  eggs)l  The  remaining,  varieties;  showed  non-significant  difference  and  the  average 
number  of  eggs  laid  varied  from  15O33  to  198.  The  minimum  number  of  eggs  laid  per 
seed  was  1-34.  The  r  value  between  the  average  limmber  of  eggs  laid  and  the  seed 
characters  viz  seed  weight  and  seed  volume  was  not  significant  (table  2).  Since  the 
texture  of  seed  coat  was  smooth  in  all  the  varieties  tested,  it  is  not  a  criterion  for  the 
preference  for  oviposition. 

The  average  food  consumed  per  grub  is  a  good  criterion  for  the  assessment  of  relative 
susceptibility  of  different  varieties  (Ragupathy  and  Rathinaswamy  1970;  Dabi  et  al 
1979).  There  was  significant  difference  among  the  varieties  in  the  amount  of  food 
consumed  per  grub  (table  1).  The  varieties  with  13.69  to  15.57  mg  of  food  consumption 
per  grub  were  grouped  into  least  susceptible  varieties  whereas,  those  varieties  that 
recorded  17-28  to  19-83  mg  food  consumption/grub  were  considered  as  moderately 
susceptible  varieties.  The  criterion  for  highly  susceptible  varieties  was  with  20-39  to 
22-86  mg  of  food  consumption/grub.  The  r  value  between  the  amount  of  food 
consumed  per  grub  and  seed  characters  viz  seed  weight  and  seed  volume  was  not 
significant  (table  2).  Similar  observations  were  reported  in  experiments  with  C.  chinensis 
reared  on  different  varieties  of  pigeonpea  (Ragupathy  and  Rathinaswamy  1970)  and 
with  C.  maculatus  reared  on  different  varieties  of  cowpea  (Dabi  et  al  1979;  Satya  Vir 
1981).  Apparently  some  factor  other  than  physical  seed  characters  governs  the 
mechanism  of  resistance  in  mothbean  to  the  attack  of  pulse  beetle. 

The  average  development  period  varied  significantly  and  ranged  from  24-83  to  27-87 
days  (table  1).  The  r  value  between  the  amount  of  food  consumed  per  grub  and  the 
average  development  period  was  not  significant  (table  2).  The  study  revealed  that  the 
development  period  of  grub  was  not  dependent  on  the  amount  of  food  consumed. 
Further,  the  development  of  grub  was  also  not  better  on  the  grain  which  was  preferred 
by  the  beetle  for  oviposition  (table  1).  Thus  the  preference  for  oviposition  is  not  an 
indication  of  suitability  for  development.  These  observations  agree  with  those  of  Girish 
et  al  1974  and  Singh  et  al  1977. 

The  loss  of  100  seed  weight  varied  from 1-093  to  1-951  g  (table  1).  Varieties  IPCMO- 
884,  JMM-259,  IPCMO-937,  Jhalawar-1,  PLMO-169,  G-l  and  IPCMO-344  showed 
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T     ;,e  2.    Coefficient  of  correlation  (r)  between  physical  characters  of  seed  and  life  processes 
of  the  beetle. 


Average  number 

Average 

Average  weight 

of  seeds/  10  ml 

development 

of  100  seeds 

volume 

period 

Average  number  of  eggs  laid 

0-196 

0-048 

-0-048 

Level  of  significance 

NS 

NS 

NS 

Average  food  consumed  /grub 

0-160 

0-474 

0-203 

Level  of  significance 

NS 

NS 

NS 

NS  ~  Non-significant 


significantly  greater  loss  in  seed  weight  as  compared  to  T-3,  PLMO-130,  PLMO-91 
and  PLMO-149.  Percentage  emergence  of  beetles  on  varieties  IPCMO-926,  PLMO- 
84-A,  IPCMO-344,  G-l,  PLMO-169  Jhalawar-1,  JMM-259,  IPCMO-884  and 
IPCMO-937  was  significantly  higher  than  the  other  varieties. 

From  the  overall  results,  on  the  basis  of  average  food  consumed  per  grub  of  emerged 
beetles  and  the  loss  of  100  seed  weight  as  a  combined  criterion,  varieties  T-3  PLMO- 
130,  PLMO-91,  PLMO-149  proved  to  be  least  susceptible  whereas  IPCMO-937, 
IPCMO-884,  JMM-259,  Jhalawar-1  were  susceptible  varieties.  The  remaining  varieties 
were  intermediate  and  none  was  found  resistant  to  the  attack  of  C.  chinensis. 
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Abstract.  Life  fecundity  tables  were  studied  for  Spodoptera  litura  (Fabricius)  when  reared 
on  castor  (Ricinus  communis  L.),  groundnut  (Arachis  hypogea),  okra  (Abelmoschus  esculentus 
L.)  and  sunflower  (Helianthus  annuus  L.)  under  laboratory  conditions  at  26-8  ±2°C 
temperature.  The  net  reproductive  rate  (RQ\  was  calculated  in  each  case. 

Keywords.    Life  fecundity;  Spodoptera  litura',  castor;  groundnut;  sunflower. 


1.    Introduction 

The  tobacco  caterpillar,  Spodoptera  litura  (Fab.)  is  a  serious  polyphagus  insect  species 
attacking  a  wide  range  of  food  plants  belonging  to  diverse  botanical  origin.  It  has  been 
reported  to  feed  on  112  cultivated  food  plants  belonging  to  44  families  all  over  the 
world  (Moussa  el  al  1960)  of  which  60  are  known  from  India  (Lefroy  1908;  Basu  1943; 
Thobbi  1961;  Bhattacharya  and  Rathore  1977).  The  food  plants  play  a  vital  role  in 
development,  survival  and  reproductive  potential  of  insect  (Painter  1951).  Food  may 
influence  the  chances  of  insect  to  survive  and  multiply  by  modifying  its  growth, 
fecundity  and  longevity.  In  the  present  paper  we  report  the  intrinsic  rates  of  natural 
increase  (r^  of  S.  litura  when  reared  on  different  hosts. 


2.    Material  and  methods 

The  culture  of  Spodoptera  litura  (Fabricius)  was  reared  from  gravid  females  collected 
at  light  trap  in  August  1980.  The  females  were  released  into  plastic  containers  (12  cm 
diameter  x  15  cm  height)  covered  with  muslin  cloth  held  in  position  by  rubber  band. 
To  construct  the  life  fecundity  tables,  100  eggs  were  placed  in  ten  plastic  boxes  in 
batches  of  10  each.  After  hatching,  all  the  larvae  were  reared  individually  on  castor 
(Ricinus  communis  L.),  groundnut  (Arachis  hypogea),  okra  (Abelmoschus  esculentus  L.) 
and  sunflower  (Helianthus  annuus  L.).  Fresh  food  was  supplied  daily.  The  hatching, 
larval  and  pupal  development,  successful  adult  emergence,  fecundity  and  age  specific 
mortality  in  eggs,  larvae,  pupae  and  adults  were  observed  everyday.  To  determine  the 
age-specific  fecundity,  the  total  number  of  adults  emerged  on  a  particular  day  was 
transferred  to  a  separate  plastic  jar  (12  x  15cm).  A  paper  strip  (7-5  x  5cm)  folded  in 
zig-zag  fashion  was  provided  as  oviposition  site.  The  column  headings  proposed  by 
Birch  (1948),  elaborated  by  Atwal  and  Bains  (1974)  were  used  to  construct  life 
fecundity  tables  under  laboratory  conditions  26*8  ±  2°C  temperature. 
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3.    Results  and  discussion 

The  data  regarding  the  survival  of  different  stages  of  S.  litwra  on  different  hosts  are 
presented  in  table  1.  The  survival  of  immature  stages  on  castor,  groundnut,  okra  and 
sunflower  is  52, 44,  82  and  73  respectively.  The  results  on  the  life  table  and  age-specific 
fecundity  are  summarised  in  table  2,  The  net  reproductive  rate  (R0  of  S.  litura  was 
873-13  on  castor,  741-70  on  groundnut,  1561-99  on  okra  and  1467-93  females  per 
female  per  generation  on  sunflower.  The  results  obtained  on  mean  generation  time  and 
innate  capacity  for  increase  in  raimbers  are  depicted  in  table  3.  The  mean  length  of 
£5n££ti6n  (T)  differed  considerably  on  different  hosts.  It  was  maximum  (45-83  days) 
on  groundnut  and  minimum  (35-19  days)  on  sunflower.  The  innate  capacity  for 
increase  in  numbers  (rm)  ranged  between  0-1442  and  0*2072  female  per  female  per  day. 
Based  on  rm  values  the  descending  order  of  food  plants  was:  sunflower  (0-2072),  castor 
(0-1900),  okra  (0-1843)  and  groundnut  (0-1442).  There  was  not  much  variation  in  the 
finite  rate  of  increase  in  numbers  (A),  weekly  multiplication  of  population  and 
doubling  time  when  reared  on  different  hosts. 

According  to  Birch  (1948),  the  comparison  of  two  or  more  populations  by  means  of 
their  reproductive  rates  may  be  quite  misleading  unless  the  mean  length  of  generations 
is  the  same.  Two  or  more  populations  may  have  the  same  reproductive  rate  but  their 
intrinsic  rates  of  increase  may  be  quite  different  because  of  different  length  of 
generations.  Indeed,  it  is  evident  that  on  the  basis  of  the  net  reproductive  rate  (jR0)  okra 
occupied  first  position,  however,  it  ranked  third  on  the  basis  of  innate  capacity  of 
increase  in  numbers  (r^.  This  shift  in  the  position  of  okra  is  thus  attributable  to  a 
relatively  higher  value  of  generation  time  which  reduced  the  value  of  rm.  Life-tables 
giving  the  statistics  on  the  innate  capacity  of  increase  in  numbers  of  a  particular  species 
provide  insight  into  the  characteristic  life  patterns  of  different  species.  In  the  present 
studies,  from  the  point  of  view  of  pest  multiplication,  sunflower  with  high  rm  value 
would  be  the  most  suitable.  S.  litura  would  multiply  1561-99  times  per  generation  on 
okra  while  the  corresponding  increase  in  groundnut  and  castor  will  be  741-70  alia 
873-13  times  Le.  the  population  would  increase  2-fold  on  okra  and  C11^fl1^er  jBiiapate 
etal  (1980C)  studied  the  life  fecundity  tables  of  <  ^  on  ^^  26  ±  1'C  and 

*  ft!m^atUrC'      -  -"na  that  the  net  ^productive  rates  were  799*82  and 
-     at  *«-  uinerent  temperatures.  In  the  present  investigation  the  ftfct  wpr oduttke 
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Number  surviving 


Egg 

Larval 

Prepupal 

Pupal 

period 

period 

period 

period 

Name  of  host 

Egg  kept 

(days) 

(day*) 

(days) 

(days) 

0-3 

4-16 

17-18 

19-29 

Castor 

100 

100 

.   85 

84 

52 

0-3 

4-28 

29-30 

31-41 

Groundnut 

100 

100 

46 

46 

44 

0-4 

5-23 

24-25 

26-36 

Okra 

100 

100 

92 

92 

82 

0-3 

4-18 

19-20 

21-31 

Sunflower 

100 

100 

94 

90 

73 
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Table  2.    Life  tables  (for  female)  and  age-specific  fecundity  for  S.  litura  on  different  hosts. 


Name  of 
host 

Pivotal 
age  in 
days 
X 

Survival  of 
female  at 
different 
age  intervals 

Age  scfrednle 
for  female 
births 

Castor 

0-29 

0-52 

Immature  stages 

30-33 

0-52 

Preoviposition  period 

34 

0-52 

393-00                  204-36                 6948-24 

35 

0-52 

350-50                  182-26                 6379-10 

36 

0-52 

359-55                  186-96                 6730-77 

37 

0-44 

364-57                  160-41                 5935-19 

38 

0-33 

421-66                  139-14                 5287-61 

39 

0-25 

0-0                       0-0                        0-0 

=  873-13            =  31280-91 

Groundnut 

0-41 

0-44 

Immature  stages 

42-44 

0-44 

Preoviposition  period 

45 

0:44 

734-55                  323-20                14544-09 

46 

0-42 

471-00                  197-82                 9099-72 

47 

0-42 

282-61                  118-69                 5578-72 

48 

0-38 

143-64                    54-58                 2619-99 

49 

0-29 

163-50                   47-41                 2323-33 

50 

0-22 

0-0                       0-0                        0-0 

=  741-70            =  34165-85 

V  /     m                                               V  /     M*       V 

**lx"*x                         £ilxrrlxA. 

Okra 

0-36 

0-82 

Immature  stages 

37-38 

0-82 

Preoviposition  period 

39 

0-82 

712-70                  584-41               22791-99 

40 

0-82 

622-95                  510-49               20419-64 

41 

0-78 

403-11                   314-42                12891-45 

42 

0-78 

156-72                  122-24                 5134-14 

43 

0-66 

46-16                     30-43                 1308-60 

44 

0-42 

0-0                        0-0                        0-0 

=  1561-99           =  62545-82 

V    /         M»                                                                           T1    I        WM           V 

Z*lxfnx                  L,lxmxA 

Sunflower 

0-31 

0-73 

Immature  stages 

32-33 

0-73 

Preoviposition  period 

34 

0-73 

569-30                  415-58                14130-0? 

35 

073 

675-05                  492-78                 17247-52 

36 

0-69 

439-94                  303-55                10928-10 

37 

0-55 

272-10                  149-65                   5537-35 

38 

0-44 

241-75                  106-37                  4042-06 

39 

0-37 

0-0                       0-0                         0-0 

1467-93 


=  51885-05 
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ate  was  higher  than  those  observed  by  Bilapate  et  al  (1980c).  Tamaki  et  al  (1972) 
leveloped  life  tables  for  evaluating  the  rearing  of  Ceramica  picta.  They  observed  that 
he  insects  reared  as  larvae  on  sugarbeet  leaves  in  trays  had  a  multiplication  rate  of  422 
emales  per  female  per  generation  and  the  rate  of  reproduction  was  9-  and  16-fold 
greater  than  the  rates  of  those  from  larvae  reared  on  artificial  diets  in  cups  or  trays.  In 
iterature,  life  fecundity  studies  have  also  been  reported  for  Heliothis  armiqera 
Hubner)  when  reared  on  different  hosts  (Bilapate  and  Pawar  1978;  Bilapate  and 
>awar  1980;  Bilapate  et  al  1977,  1978,  1980a,  b;  1981). 
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Observations  on  the  imicopolysaccharides  in  the  mantle  of  Batrbati® 
ibliquata  (Gray)  (Arcidae) 
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Department  of  Zoology,  Andhra  University,  Waltair  530003,  India 

MS  received  10  August  1982;  revised  1  September  1983 

Abstract.  In  Barbatia  obliquata  the  mantle  edge  is  divided  into  three  folds  as  in  most  other 
lamellibranchs.  Two  types  of  gland  cells  are  noticed  in  the  mantle;  epithelial  and  sub-epithelial 
The  epithelial  glands  include  mucous  glands,  mucoprotein  glands  and  lipid  glands.  The 
epithelial  mucous  glands  secrete  metachromatic,  alcianophilic  sulphated  mucopolysac- 
charides. The  sub-epithelial  mucous  glands  are  classified  into  two  categories,  according  to  their 
histochemical  reactions.  Some  of  them  secrete  non-metachromatic,  alcianophilic  sulphated 
mucopolysaccharides  and  the  others  secrete  mucosubstances  which  are  carboxylated. 

Keywords.    Mucopolysaccharides;  mantle;  Barbatia  obliquata;  Arcidae. 


L    Introduction 

Details  of  mantle  mucins  have  been  studied  by  several  workers  (Beedham  1958; 
ffillman  1968,  1969;  Beedham  and  Owen  1965;  Kale  and  Patil  1976,  1977).  However, 
;he  nature  of  gland  cells  in  the  mantle  of  Barbatia  obliquata  (Gray)  (Arcidae)  has  not 
seen  studied.  A  comparison  of  the  mantle  organization  and  the  nature  of  gland  cells  of 
;his  species,  with  that  of  other  bivalves  is  thus  felt  necessary.  Hence  in  the  present 
nvestigation  the  nature  of  mucopolysaccharides  in  B.  obliquata  and  their  distribution 
ind  function  have  been  studied. 

I.    Material  and  methods 

Specimens  of  B.  obliquata  were  collected  from  Rishikonda,  Waltair  coast  and  were 
Maintained  in  the  laboratory.  The  animals  were  opened  and  the  mantle  was  cut  into 
jmall  pieces  and  fixed  in  Susa,  Zenker,  formol  calcium  and  other  routine  fixatives.  For 
general  histological  visualization  sections  (10-12  um)  were  stained  with  Azan, 
Delafield's  hematoxylin  and  eosin,  and  Ehrlich's  hematoxylin.  All  histochemical 
procedures  are  adopted  from  Pearse  (1968)  (tables  1  and  2). 

3.    Results 

\  transverse  section  of  mantle  edge  of  B.  obliquata  depicts  the  following  structure.  The 
mantle  edge  is  longitudinally  divided  into  three  folds:  an  outer,  a  middle  and  an  inner 
fold  (figure  1).  The  groove  in  which  periostracum  is  inserted  lies  between  the  middle  and 
inner  folds.  In  all,  two  types  of  gland  cells  were  noticed  in  the  mantle  of  B.  obliquata. 
Fhe  epithelial  gland  cells  occur  in  the  general  outer  epithelium,  the  sub-epithelial  gland 
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Figure  1.    TS  of  mantle  showing  the  topography  of  three  folds  (Azan). 
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Figure  2.    Epithelial  mucous  glands  of  mantle  displaying  sulphated  mucopolysaccharides 
(Azure  A  pH  1). 


cells  lie  in  the  connective  tissue  below  the  general  epithelium  as  well  as  in  the  folds.  The 
epithelial  gland  cells  are  spindle-shaped  and  do  not  take  any  colour  with  Azan.  These 
cells  have  been  found  to  secrete  acid  mucopolysaccharides  as  shown  below. 

The  sub-epithelial  glands  are  of  three  types  (a)  large  pitcher-shaped  glands  staining 
dark  blue  to  purple  with  Azan,  (b)  spherical  cells  staining  red  with  Azan  and 
(c)  irregular-shaped  cells  staining  blue  or  colourless  with  Azan.  At  the  base  of  the 
middle  fold  lying  in  the  connective  tissue  is  a  gland  opening  into  the  periostracal 
groove. 

With  periodic  acid/Schiff  (PAS)  reaction  the  epithelial  mucins  gave  negative  reaction. 

With  Azure  A  at  pH  1  (figure  2)  these  glands  exhibited  metachromatic  red  colour 
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indicating  the  presence  of  sulphated  mucopolysaccharides.  These  glands  also  showed 
metachromasia  at  pH  2  and  this  can  be  attributed  to  the  presence  of  sulphated 
mucopoiysaccharides  only.  With  toluidine  blue  the  epithelial  gland  cells  stained 
metachromatically  thereby  indicating  their  acidic  nature. 

The  epithelial  mucins  are  intensely  alcianophilic  at  both  pH  1  and  2.5  (figure  3), 
further  confirming  the  acidic  nature.  The  intensity  of  alcianophilia  is  reduced  to  some 
extent  after  active  methylation/AB,  but  is  restorable  after  saponification/AB. 

With  the  combined  technique  of  AB  (pH  1  and  2.5)1  PAS  these  gland  cells  stained  blue. 
The  dark  purple  staining  of  these  glands  with  aldehyde  fuchsin  and  AF/AB  indicates  that 
the  material  is  sulphated.  When  exposed  to  alcian  blue/safranin  technique  ti  ie  epithelial 
gland  cells  stained  red  suggesting  their  acidic  nature  (table  1). 

Below  the  general  outer  epithelium  there  are  mucous  glands  of  smaller  sizes  whose 
reactions  resemble  those  of  the  epithelial  mucins  suggesting  the  nature  of  their 
secretions  being  acid  sulphated  mucosubstances.  Below  these  a  row  of  mucoprotein 
gland  cells  is  present.  These  seem  to  open  to  the  exterior  by  narrow  necks.  These  cells 
secrete  mucoprotein  as  evidenced  by  their  PAS  positivity  and  positive  reactions  with  all 
protein  tests. 

At  the  margins  in  the  three  folds  a  number  of  gland  cells  are  distributed  in  the 
connective  tissue.  In  all  the  three  folds,  glands  which  secrete  mucoproteins  are 
distributed.  In  the  third  or  inner  fold  these  are  especially  concentrated  in  large  numbers. 

In  addition,  in  the  first  fold  beneath  the  outer  epithelium  lie  few  cells  which  secrete 
sulphated  mucopolysaccharides.  Beneath  the  inner  epithelium  lie  a  rorv  of  cells.  The 
secretion  of  these  cells  is  positive  to  PAS,  non-metachromatic  and  alcianophilic  at  AB 
(pH  1  and  2.5).  The  alcianophilia  is  abolished  on  methylation  and  is  restored  by 
subsequent  saponification/AB.  These  secretions  become  purple  with  the  combined 
technique  of  AB/PAS  and  retain  alcianophilia  when  exposed  to  AF/AB.  Thus  their 
carboxylated  nature  is  evident. 


Figure  3.    TS  of  mantle  showipg  epithelial  mucous  glands  stained  with  AB  pH  2-5. 

Abbreviations:  EMG — Epithelial  mucous  glands;  IF — Inner  fold;  MF — Middle  fold;  OF — Outer 
fold;  p — Periostracum. 
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In  the  second  or  middle  fold  along  with  the  mucoprotein  secreting  gland  cells  some 
cells  secreting  carboxylated  mucosubstances  have  been  noticed. 

In  the  inner  most  or  third  fold  mucous  cells  secreting  strongly  sulphated 
mucopolysaccharides,  which  resemble  the  epithelial  mucins  in  histochemical  reactions, 
are  present.  But  these  cells  do  not  exhibit  any  metachromasia  with  toluidine  blue  or 
Azure  A  indicating  that  they  may  not  be  as  acidic  as  epithelial  mucins.  Similar  type  of 
cells  lie  beneath  the  inner  epithelium  of  mantle  facing  the  mantle  cavity  (table  2). 

4.    Discussion 

Various  types  of  gland  cells  were  reported  in  different  bivalves.  Beedham  (1958), 
Sullivan  (1960)  and  Saleuddin  (1964a,  b)  described  only  one  type  of  epithelial  glands 
that  secrete  mucoproteins.  Oldfield  (1964)  described  two  types  of  epithelial  gland  cells 
in  the  mantle  of  erycinids  and  montaculids.  Trueman  (1957)  distinguished  two  types  of 
gland  cells  in  the  mantle  of  Area  noae,  one  secreting  the  acid  mucopolysaccharides  and 
the  other  secreting  polysaccharide  protein  complex.  Sullivan  (1960)  described  three 
types  of  subepithelial  glands  in  the  mantle  of  Anadara  trapezia.  Saleuddin  (1964a,  b) 
described  altogether  four  types  of  gland  cells  in  Astarte  sp  and  Cyprina  islandica. 
Hillman  (1968,  1969)  reported  two  types  of  gland  cells  in  the  mantle  of  Mercenaria 
mercenaria,  one  secreting  glycosaminoglycans  and  the  other  secreting  neutral  muco- 
polysaccharides. Wada  and  Furuhashi  (1973)  analysed  the  mucous  from  the  mantle  of 
Pinctada  fucata  and  Chlamys  nobilis  and  described  that  it  contains  a  relatively  large 
amount  of  sulphated  ester  and  a  little  amount  of  protein  i.e.  sulphomuco  polysaccharide 
or  sulphated  polysaccharide  protein  complex.  They  attributed  that  this  type  of  mucous 
is  necessary  to  induce  shell  mineralization  though  it  does  not  always  induce  it.  Hillman 
(1961)  stated  that  the  heparin-like  mucosubstances  might  aid  in  the  handling  of  calcium 
by  the  clam  Mercenaria  mercenaria.  He  also  speculated  that  it  aids  in  handling  of  other 
ions  like  sodium  and  chloride.  In  general,  it  is  known  that  acid  mucopolysaccharides 
play  an  active  role  in  the  process  of  calcification  by  binding  calcium  ions  probably  as  a 
metachelate  complex  (Beedham  1958;  Saleuddin  1964b).  Oldfield  (1964)  showed  that 
some  of  the  mucous  secreting  glands  in  the  mantle  of  erycinids  and  montaculids  secrete 
egg  capsules  as  evidenced  by  similar  results  obtained  by  histochemical  reactions  of  egg 
capsules  and  mantle  mucous  glands.  In  B.  obliquata  the  mantle  glands  secrete  acid 
mucopolysaccharides  and  mucoprotein  whose  functional  role  seems  to  aid  in  binding 
with  calcium  ions.  Deposits  of  calcium  were  detected  in  the  mantle  of  B.  obliquata  by 
the  Alizarin  red  S  technique  and  evidence  of  quinone  tanned  proteins  is  present  as 
revealed  by  the  presence  of  phenols  and  polyphenol  oxidases.  The  gland  at  the  base  of 
the  middle  fold  secretes  lipid  material  as  evidenced  by  the  positive  reaction  to  Sudan 
black  B  which  is  abolished  in  pyridine  extracted  sections.  Part  of  this  gland  secretes 
mucoprotein.  This  type  of  gland  was  considered  to  secrete  lipoprotein  in  Solemya 
parkinsoni  by  Beedham  and  Owen  (1965)  and  they  stated  that  this  material  aids  in  the 
lubrication  of  periostracum.  We  are  in  agreement  with  this  in  B.  obliquata  where  the 
secretions  are  poured  into  the  periostracal  groove.  On  the  whole,  the  mantle  secretes 
mucopolysaccharides,  lipid  protein  complexes,  mucoproteins  and  there  is  presence  of 
quinone  tanned  proteins.  The  role  of  these  substances  in  the  edification  of  the 
periostracum  is  thus  clear. 
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Abstract.  Desiccation  engenders  "super  elevation"  in  the  osmotic  concentration  of  the  body 
fluid  which  eventually  provokes  characteristic  alterations  in  the  functional  activity  of  the 
ventral  nerve  cord-neurosecretory  system.  Enhancement  in  the  number  of  deep  stained  cells 
and  partial  to  acute  depletion  in  association  with  interruption  in  axonal  transport  in 
moderately  stained  cells  are  some  of  the  interesting  features  revealed  in  course  of  this 
investigation.  The  results  indicate  a  correlation  between  the  neurosecretory  mechanism  and 
ecophysiological  bearing. 

Keywords.    Axon-hillock;  desiccation;  Metaphire  peguana',  neuropile;  secretory  cycle. 


.    Introduction 

Jeurosecretory  control  of  osmoregulation  is  well  documented  for  invertebrates  (Ude 
964;  Kamemoto  1976;  Maddrell  1976;  Ferraris  1979).  In  the  temperate  earthworm, 
dsenia  rosea,  characteristic  changes  in  brain  neurosecretory  cells  are  observed  under 
le  condition  of  desiccation  (Aros  and  Bodnar  1960).  According  to  Zimmermann 
L971),  both  aminergic  and  peptidergic  neurones  of  the  supraoesophageal  ganglion  are 
onsidered  to  be  indispensable  for  the  regulation  of  the  osmotic  balance  of  dehydrated 
forms,  Lumbricus  terrestris.  Later,  Carley  (1975,  1978)  found  that  in  L.  terrestris  the 
eurosecretory  principle  from  brain  influences  the  osmotic  and  ionic  regulation  by 
hanging  the  functional  activities  of  integument  or  nephridia  in  dehydrated  worms, 
'urthermore,  he  observed  that  injection  of  suboesophageal  ganglion  and  ventral  nerve 
ord  homogenates  reduces  water  exchange  below  levels  of  brainless  animals  and  opined 
iat  "active  factor"  in  addition  to  brain,  may  also  be  present  throughout  the  central 
ervous  system  of  Lumbricus  terrestris. 

The  object  of  the  present  investigation  is  to  record  the  effects  of  desiccation  on  the 
entral  nerve  cord-neurosecretory  system  of  Metaphire  peguana  and  ascertain  their 
ivolvement  in  the  phenomenon  of  osmoregulation  from  the  standpoint  of  micro- 
lorphological  alterations  and  secretory  dynamics. 

.    Material  and  methods 

'wenty  fully-grown  earthworms,  Metaphire  peguana  (average  length  120mm)  were 
ollected  from  the  neighbourhood  of  Calcutta  and  acclimated  to  laboratory  conditions 
temperature  28°C  and  RH  88  %)  for  4  days.  On  the  fifth  day,  10  worms  were  segregated 
nd  allowed  to  remain  in  oven-dry  soil  for  48  hr  in  a  petridish.  The  container  with  its 
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open  end  covered  by  a  porous  lid  was  transferred  to  a  dark  place  so  as  to  avoid  the  effect 
of  light.  The  remaining  10  worms,  serving  as  control,  were  maintained  in  a  similar 
condition  except  that  the  petridish  contained  a  bed  of  natural  moist  soil.  The  ventral 
nerve  cord  comprising  suboesophageal  ganglion  and  some  anterior  ventral  ganglia 
(30-40  ganglia)  both  of  experimental  and  control  groups  were  fixed  in  Bouin's  fluid. 
The  sections  (7  fim  thick)  were  stained  with  aldehyde  fuchsin  following  acid 
permanganate  oxidation  (Cameron  and  Steele  1959). 

3.     Observations 

3.1     Control 

Majority  of  the  neurosecretory  cells  of  the  ventral  nerve  chain  show  various  phases  of 
secretory  activity  (figures  1  and  2),  determined  on  the  basis  of  their  staining  intensities 
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Figure  1.  Control  section  of  the  ventral  ganglion  of  earthworm,  Metaphire  peguana 
showing  disposition  of  AF-positive  neurosecretory  cells.  Note  the  axonal  transport  of  NSM  in 
some  cells  and  their  confluence  with  the  margin  of  the  neuropile  ( x  532). 


Figure  2.    Control  section  of  the  suboesophageal  ganglion  showing  the  fluctuating  content 
of  secretory  inclusions  in  the  AF-positive  neurosecretory  cells  (x  532). 
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(Nanda  and  Chaudhuri  1982).  Relatively  small  deep-stained  cells  being  distributed 
beneath  the  neural  lamella  usually  do  not  exhibit  detectable  cytoplasmic  inclusions  and 
bear  more  or  less  homogeneously  stained  cytoplasm.  Large  moderately-stained  cells, 
lying  between  the  deep-stained  cells  and  the  neuropile  proper,  show  graded  amount  of 
secretory  inclusions  in  the  form  of  clusters  and  cytoplasmic  vacuoles  of  various 
dimensions.  Some  of  these  categories  exhibit  axonal  transport  and  subsequent  release. 
There  is  seldom  evidence  of  rich  accumulation  of  NSM  both  at  the  margin  of  the 
neuropile  and  the  outer  periphery  of  the  ganglia. 

3.2     Experimental 

Desiccation  for  48  hr  causes  characteristic  changes  in  the  neurosecretory  perikarya  of 
the  ventral  nerve  cord  including  suboesophageal  ganglion.  The  deep-stained  cells  of  the 
ventral  ganglionic  complements  show  remarkable  increase  in  their  number  (figure  3). 
Majority  of  them  possess  colloidal  clusters  instead  of  homogeneous  deep-stained 
cytoplasm.  The  moderately-stained  cells,  in  contrast,  bear  abundant  cytoplasmic 
vacuoles  and  irregular  distribution  of  paltry  secretory  inclusions  (figure  3).  Irrespective 
of  cell  types,  axonal  transport  is  disrupted  to  a  considerable  degree  although 
accumulation  of  NSM  at  the  axon-hillock  regions  is  not  seldom.  Response  of 
suboesophageal  ganglionic  neurosecretory  cells  (figure  4)  to  desiccation  is  different 
from  that  of  the  ventral  ganglia.  Here  the  extent  of  enhancement  in  the  number  of  deep- 
stained  cells  is  not  that  much  explicit  as  in  the  case  of  ventral  ganglia.  The  other  type  of 
cells  possesses  vacuolated  cytoplasm  containing  scarce  secretory  inclusions  rather  than 
coarse  consistency  (figure  4).  In  addition,  the  tendency  to  possess  voluminous  nuclei  in 
these  types  is  not  ruled  out. 

4.     Discussion 

Desiccation  exerts  a  striking  effect  on  the  neurosecretory  activity  of  the  ventral  nerve 
cord  ganglia  of  M.  peguana  which  can  be  assessed  by  the  correlative  changes  in  the 


Figure  3.  Section  showing  the  effect  of  desiccation  (48  hr)  on  the  AF-positive  neurosecretory 
cells  of  ventral  ganglion.  Note  the  remarkable  increase  in  the  number  of  deep-stained  cells  and 
secretion-poor  condition  of  moderately-stained  cells  ( x  532). 
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Figure  4.  Section  showing  the  condition  of  moderately-stained  cells  of  the  suboesophageal 
ganglion  following  48  hr  of  desiccation.  Note  the  voluminous  nuclei  and  scarce  distribution  of 
cytoplasmic  inclusions  in  the  moderately-stained  cells  ( x  532). 

cytoarchitectural  pattern  of  the  neurosecretory  cells.  Drastic  enhancement  in  the 
number  of  deep-stained  cells  and  marginal  to  acute  depletion  of  the  moderately-stained 
cells  are  some  of  the  interesting  features  displayed  in  this  investigation.  These  criteria 
indicate  the  functional  attributes  in  the  two  types  of  cells  especially  when  possible 
"super  elevation"  in  the  osmotic  concentration  of  the  body  fluid  is  accounted  for. 
Accordingly,  the  distinction  coupled  with  sudden  enhancement  in  the  number  of  small 
deep-stained  cells  become  apparent  to  substantiate  their  participation  for  the  inhibition 
of  water  loss.  Despite  their  role  in  the  elaboration  of  a  diuretic  factor  under  normal 
condition  to  regulate  the  osmotic  balance  of  the  body  (Awasthi  and  Misra  1974; 
Takeuchi  1980),  the  moderately-stained  cells  possibly  become  functionally  inactive 
under  adverse  situation  like  desiccation  which,  in  fact,  is  evidenced  by  their  retarded 
axonal  transport,  marginal  to  acute  depletion  and  considerable  reduction  in  the  volume 
of  nuclei.  In  this  context,  it  should  be  borne  in  mind  that  depletion  of  NSM  having 
meagre  evidence  for  axonal  transport  may  well  be  accounted  for  the  phenomenon  of 
lysosomal  breakdown  (autophagy) — a  condition  that  causes  retarded  cellular  activity 
(see  review  by  Ericsson  1969;  Ferraris  1979).  Furthermore,  descrepancies  in  the  reactive 
response  of  the  neurosecretory  cells  encountered  in  the  ventral  and  suboesophageal 
ganglia  under  conditions  of  elevated  plasma  osmotic  pressure  in  M.  peguanamay  well 
be  due  either  to  a  difference  in  sensitivity  of  the  aforesaid  ganglia  or  to  a  possible 
difference  in  their  respective  function  (Sheela  and  Pandalai  1968).  The  present  results 
clearly  indicate  correlation  between  water  conservation  and  ventral  nerve  cord- 
neurosecretory  mechanism  of  this  tropical  worm,  M.  peguana  which  are  under  a 
constant  threat  of  dehydration  in  their  native  environment  during  a  major  part  of  the 
year. 
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Abstract.  Initial  dyadic  social  interactions  of  13  rhesus  monkeys  were  observed  in  a  free- 
ranging  group  of  26  members.  Each  subject  was  observed  for  900  intervals  of  20  sec  each  by 
focal  animal  method.  The  obtained  matrix  of  approach  interactions  was  separately  analyzed 
in  relation  to  sex  and  dominance  level  of  interacting  animals.  Dominance  ranks  were 
determined  by  approach-withdrawal  scores  and  its  validity  was  assessed  with  other  submissive 
scores.  Chi-square  analysis  revealed  a  significant  preference  for  opposite  sexed  animals.  High 
ranked  animals  initiated  more  social  interactions  than  was  expected;  however,  other  animals 
approached  less  towards  them.  It  is  concluded  that  in  free-ranging  group  situations,  members 
do  not  interact  at  random,  rather  their  interactions  are  patterned  by  individual  characteristics, 
such  as  age,  sex  and  relative  dominance  level  in  the  group  hierarchy. 

Keywords.  Dominance  rank;  sex-differences;  dyadic  social  initiation;  free-ranging  rhesus 
monkey. 


L    Introduction 

Socially  living  groups  of  non-human  primates  have  been  studied  in  a  variety  of 
different  environments.  Vast  literature  exists  at  all  levels  from  detailed  analysis  of 
specific  behaviors  (e.g.,  feeding,  play,  aggression  etc.)  to  more  global  studies  of  group 
structures  (e.g.,  group  cohesiveness;  dominance  hierarchy;  communication  network, 
etc.).  Despite  this,  theories  have  not  been  developed  to  relate  and  systematize  the  facts 
of  primate  behavior.  Hinde  (1974)  has  advanced  a  conceptual  framework,  which 
suggests  that  primate  social  structure  is  a  product  of  content,  quality  and  patterning  of 
interactions  and  relationships  between  members.  Results  of  field  researches  show  that 
monkeys  in  a  group  do  not  interact  randomly,  but  in  a  patterned  and  predictable 
manner  (Altmann  1968).  Their  interactional  patterns  change  with  age,  sex,  attractions 
and  repulsions  within  a  group. 

Kummer  (1971)  concludes  that  attractions  and  repulsions  in  a  group  space  are 
controlled  by  dominance  structure  of  the  group.  Dominance  behavior  in  rhesus 
monkey  groups  is  highly  patterned  and  serves  many  functions  in  group  social  behavior 
(Roonwal  1976).  Thus,  it  can  be  hypothesized  that  relative  dominance  level  of  group 
members  will  affect  the  interactional  patterns  among  them  and  also,  the  sex  of  the 
interactive  animals  and  the  repulsive  forces  between  them.  These  hypotheses  have  been 
tested  very  parsimoniously  by  exploring  the  elementary  level  of  social  behavior,  i.e.,  an 
initial  social  interaction  between  two  animals.  The  pattern  under  analysis  was;  who 
approaches  whom?  and  how  frequently? 
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1.    Material  and  methods 

2.1     Group  and  subjects 

A  group  of  26  rhesus  monkeys  (Macaca  mulatto)  was  observed.  The  home  range  was 
~  0-25  km2,  at  the  outskirts  of  a  village  (Kheri  Saad,  Rohtak-Haryana)  65  km  west  of 
Delhi,  which  included  a  water  pond,  school  building  and  its  compound,  highway  and 
agricultural  fields.  Apart  from  the  natural  vegetation,  the  monkeys  depend  on  human 
offerings.  The  sleeping  site  of  the  group  was  trees  in  the  school  compound.  The  group 
did  not  visit  the  village  for  foraging.  Being  a  small  group,  sub-groups  were  not  formed, 
however,  few  affiliative  units  were  prominent. 

As  established  immature  animals  do  not  have  basic  ranks  (Koyama  1967),  the 
interactions  of  infants  and  juveniles  were  not  analyzed.  Thus,  13  adult  and  subadult/ 
adolescent  members  served  as  subjects.  Table  1  present  data  on  age-sex  characteristics, 
dominance  rank,  approach-withdrawal  scores  and  submissive  scores  of  others. 

The  dominance  rank  was  assigned  on  the  basis  of  approach- withdrawal  scores.  This 
was  validated  with  submissive  scores  of  other  animals  (fear  grimace,  lipsmack  and 
submit).  Spearman's  correlation  co-efficient  between  two  hierarchies  was  0*892. 

3.    Procedures 

Observations  were  made  on  dyadic  interactions  between  subjects  by  focal  animal  and 
one-zero  time  sampling  of  behaviors'  (Altmann  1974).  Individual  subjects  were 
observed  between  0600-1800  hrs  at  10  min  intervals.  Each  animal  was  observed  for  30 
sessions  during  the  study  period  (July  to  October  1979).  A  check-list  was  used  to  record 
the  interactions  which  was  divided  into  30  successive  20  sec  intervals.  The  code  letter  of 
the  interacting  animal  (approached  or  approacher)  was  recorded  on  the  check  list. 


Ttble  1.    Particulars  of  the  subjects. 


Animal 
Code 

Age-sex  class 

Approach 
withdrawal 
scores* 

Dominance 
rank 

Others  sub- 
missive 
scores 

A 

Adolescent  F 

7 

10 

0 

B 

Mature  adult  F 

10 

8 

10 

C 

Mature  adult  F 

3 

12 

0 

D 

Young  adult  F 

66 

1 

54 

E 

Mature  adult  F 

18 

5 

14 

G 

Old  adult  F 

9 

9 

6 

H 

Mature  adult  M 

2 

13 

9 

K 

Young  adult  M 

23 

3 

24 

N 

Subadult  M 

5 

11 

5 

Q 

Young  adult  M 

38 

2 

46 

T 

Young  adult  F 

15 

6 

17 

X 

Adolescent  F 

14 

7 

8 

Y 

Young  adult  F 

20 

4 

18 

*  Spearman's  correlation  coefficient  (r,)  • 
submissive  scores;  F-female;  M-male. 


•  0-892  between  approach  withdrawal  and  oth«r 
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3.1     Analysis 

Polyadic  interactions,  redirected  and  intervened  approaches,  as  well  as  observations 
during  artificial  feeding  and  intragroup  strives  were  not  scored.  Dyadic  interactions, 
when  other  monkeys  were  not  in  proximity  have  been  scored/analyzed.  The  approach 
frequencies  which  occurred  during  the  observation  period  were  scored  in  a  two  way 
matrix,  i.e.,  who  approached  whom  and  who  was  approached  by  whom.  Since,  there 
were  13  subjects,  the  matrix  contains  156  cells  N(N  —  I). 

The  obtained  matrix  of  approach  frequencies  was  converted  into  bivariate 
contingency  tables  for  chi-square  analysis.  Total  chi-square  and  degrees  of  freedom 
was  partitioned  into  two  main  effects  and  the  interaction  between  two  variables,  e.g., 
sex  of  the  approacher  x  sex  of  the  approached  (Winer  1971).  Separate  analyses  were 
done  for  sex  and  dominance  variables.  Random  interaction  model  (each  animal 
approaches  other  with  equal  likelihood)  was  used  to  derive  expected  cell  frequencies. 
The  confidence  level  of  probability  was  0-005. 


4.    Results  and  discussion 

A  total  of  2308  initial  dyadic  social  interactions  among  13  subjects  were  observed 
during  10700  observation  intervals  of  20  sec  each.  A  2  x  2  contingency  table  for  sex  of 
the  approacher  and  the  approached  was  prepared  and  analyzed  (table  3).  It  revealed 
that  sex  of  either  animal  was  non-significant,  but  significant  association  was  obtained 

Table  3.    2x2  contingency  table  of  dyadic  approach  frequencies  summed  across  sex  of 
interacting  animals  and  summary  of  Chi-square  analysis. 


Approach 


Approach 
to 

Sex 

N.                                                     Sex 

NV                  Female  (n  =  9)              Male  (n  =  4) 

Total 

Female 

(n  =  9) 

EF 

1065-23 

532-62 

1597-85 

OF 

1030 

607 

-    1637 

Male 

(n  =4) 

EF 

532-62 

177-53 

710-15 

OF 

544-00 

127 

671 

Total 

EF 

1597-85 

710-15 

2308 

OF 

1574 

734 

2308 

Source 


Summary  of  Chi-square 
Chi-square  df 


Sex  of  Approacher  (4) 

1-71 

1 

Non-significant 

Sex  of  Approached  (B) 

3-12 

1 

Non-significant 

AxB 

24-06 

1 

0-005 

Total 

28-35 

3 

0-005 

EF  =  expected  frequency;         OF  =  observed  frequency. 
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Table  4.    A  3  x  3  contingency  table  of  dyadic  approach  frequencies  summed  over  levels  of 
dominance  of  interacting  animals  and  summary  of  Chi-square  analysis. 


\.       Approach  To 
Approach  By      >,                                           Dominance  level 
Dominance  level    \.        High  (n  —  4)               Middle  (n  =  5)               Low  (n  = 

4)              Total 

High                    EF 
OF 
Middle                EF 
OF 
Low                     EF 
OF 
Total                   EF 
OF 

177-54 
219 
295-90 
210 
236-71 
131 
710-15 
560 

295-90 
420 
295-90 
295 
295-90 
243 
887-70 
958 

236-71 
314 
295-90 
275 
177-54 
201 
710-15 
790 

710-15 
953 
887-70 
780 
710-15 
575 
2308 
2308 

Source 

Summary  of  Chi-square 
Chi*square                 df 

P 

Rank 
Rank 
A  xB 
Total 

of  approacher  (A) 
of  approached  (B) 

121-83                     2 
46-29                     2 
5-03                     4 
173-15                     8 

0-005 
0-005 
Non-significant 
0-005 

EF  =  expected  frequency;  OF  «  observed  frequency. 


for  international  effect  (X2  =  24-06,  df—  1,  p.  0-005).  Female  subjects  approached 
more  often  males  than  females.  Males  too  initiated  more  social  interactions  with 
females.  Thus,  a  preference  for  the  opposite  sex  was  indicated  even  in  non-mating 
season. 

This  seeming  preference  for  the  opposite  sex  in  nonmating  season  should  not  be 
considered  as  sexual  receptivity.  As  in  the  present  study  the  content  of  interactions  was 
not  analyzed,  it  is  true  for  the  initiation  of  a  social  interaction.  Soumi  et  al  (1970)  also 
reported  such  a  preference  as  a  development  trend  in  their  experimental  studies. 

Table  4  presents  frequencies  of  initial  dyadic  social  interactions  between  varying 
levels  of  dominance.  The  hierarchy  of  13  subjects  was  divided  into  three  levels,  viz., 
upper  four  animals,  middle  five  animals,  and  lower  four  animals.  Chi-square  analysis 
showed  that  high  ranked  animals  made  more  approaches,  whereas  middle  and  low 
ranked  animals  initiated  less  social  interactions  than  was  expected  on  the  basis  of 
random  interaction  model.  Strayer  et  al  (1975)  analyzed  the  frequencies  of  initiated 
interactions  of  captive  squirrel  monkeys  and  found  social  power  as  a  primary  factor  in 
such  interactions. 

It  is  clear  that  apart  from  the  seasonal  and  group  factors,  individual  correlates  also 
contribute  in  determining  the  likelihood  as  to  which  animals  are  inclined  to  initiate 
social  behavior  and  with  whom.  However,  the  pattern  of  such  frequencies  in  group 
situations  is  a  result  of  individual,  social  and  environmental  factors. 
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Abstract.  Employing  three  different  methods,  108  rice  varieties  were  screened  for  resistance 
against  N.  virescens  and  N.  nigropictus.  In  mass  screening  test,  76  varieties  suffered  significantly 
less  damage  by  N.  virescens,  while  N.  nigropictus  caused  less  damage  to  72  varieties.  Ten 
varieties  viz.  Ptb  2,  Ptb  18,  Ptb  7,  Khama  49/8,  Ptb  21,  DS  1,  ARC  6049,  Khama  49/2,  ARC 
10243  and  Jhingasail  were  greatly  detrimental  to  insect  bionomics  in  the  studies  using  first 
instar  nymphs  and  newly  emerged  adults.  Adult  longevity  test  could  be  a  good  criterion  to 
identify  the  high  degree  of  resistance  in  the  varieties.  From  an  overall  assessment,  Ptb  1 8,  Ptb  2 
and  Ptb  7  were  identified  as  highly  resistant  to  both  the  species. 

Keywords.    N.  virescens;  N.  nigropictus;  mass  screening  test;  varietal  resistance. 


I.     Introduction 

Intensification  of  rice  cultivation  in  the  last  two  decades  has  greatly  altered  the 
magnitude  of  insect  pest  problems  in  tropical  Asia.  Among  the  several  species  of  rice 
leafhoppers,  Nephotettix  virescens  (Distant)  and  N.  nigropictus  (Stal)  are  the  most 
predominant  and  widespread.  Both  are  serious  pests  causing  crop  damage  by  direct 
feeding  or  indirectly  by  transmitting  some  important  virus  diseases. 

Green  leafhoppers  feed  on  the  leaves  or  upper  parts  of  the  rice  plant.  Frequently  they 
occur  in  large  number  causing  significant  crop  losses,  estimated  as  50  to  80%  in 
Bangladesh  (Alam  and  Islam  1959)  and  Vietnam  (Tao  1962).  Besides  this,  tungro 
epidemics  have  been  reported  from  India  (John  1968;  Raichaudhuri  et  al  1970), 
Philippines  (Pathak  1972)  and  Indonesia  (Reddy  1973).  Tungro  outbreaks  have  been 
attributed  to  a  heavy  build-up  of  the  vector  population.  The  general  change  in  vector 
population  has  been  attributed  to  the  shift  to  the  growing  of  short  statured,  heavy 
tillering  rice  varieties  and  use  of  greater  quantities  of  nitrogenous  fertilizers  (Pathak 
1973;  Kalode  1974). 

Crop  protection  is  now  based  on  pest  management  principles  involving  a  greater 
understanding  and  implementation  of  population  regulating  factors  such  as  cultural 
control,  growing  of  resistant  varieties  etc.  Although  earlier  workers  (Pathak  et  al  1969; 
Shastry  et  al  1971;  Misra  et  al  1975;  Veronica  and  Kalode  1983)  identified  some  of  the 
donors  against  green  leafhoppers,  recent  indications  of  biotypes  (populations)  in  the 
gall  midge  (in  India)  and  brown  planthopper  (Philippines)  in  rice  suggest  need  of 
further  intensive  testing  of  known  donors  to  existing  populations  of  green  leafhoppers 
prior  to  their  utilization  in  breeding  programme.  Efforts  were  therefore  made  to 
evaluate  critically  a  few  selected  donors  by  adopting  different  parameters  with  a  view  to 
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identifying  donors  with  high  degree  of  resistance  to  both  the  species.  Utilization  of  such 
resistant  donors  in  developing  superior  genotypes  of  rice  would  generate  material  with 
greater  stability  of  performance  in  areas  endemic  to  these  pests. 


2.    Material  and  methods 

N.  virescens  and  N.  nitjropictus  adults  were  collected  from  the  experimental  plots  at  the 
national  headquarters  of  the  All  India  Coordinated  Rice  Improvement  Project  (AICRIP), 
Hyderabad,  India.  The  species  were  isolated  and  pure  colonies  maintained  in  the 
greenhouse  on  potted  plants  of  the  susceptible  variety,  Taichung  Native  1  (TN  1),  in 
separate  rearing  cages  (70  x  62  x  75  cm).  Insect  cultures  were  maintained  by  caging 
gravid  females  on  plants  for  a  short  period  which  provided  age-specific  populations  for 
different  experiments. 

With  the  objective  of  identifying  varieties  resistant  to  both  the  species  of  green 
leafhoppers  108  varieties  which  were  known  to  have  some  degree  of  resistance  either  to 
N.  virescens  or  N.  nigropictus  were  selected.  They  included  41  cultivated  varieties,  27 
cultures  of  hybrid  origin  and  30  cultivars  from  the  Assam  Rice  Collection.  The  seeds 
were  obtained  from  AICRIP,  Hyderabad,  the  Central  Rice  Research  Institute  (CRRI), 
Cuttack  and  the  International  Rice  Research  Institute  (IRRI),  Philippines.  Varietal 
resistance  was  judged  using  the  following  criteria. 

2.1     Mass  screening  test 

Varieties  were  grown  in  rows  at  a  distance  of  3  x  4  cm  in  wooden  trays  (50  x  40  x  8  cm). 
Each  tray  had  10  randomly-planted  test  varieties,  including  the  susceptible  check,  TN  1. 
There  were  three  replications  for  each  test.  When  seedlings  were  10  days  old,  the  trays 
were  placed  individually  in  screening  cages.  Each  variety  was  thinned  to  10  seedlings  per 
row.  Three  day-old  400  adults  (sex  ratio  1:1)  were  then  released  on  each  tray  and  insects 
settled  on  individual  seedling  were  counted  at  6,  18,  24  and  42  hr  after  release.  Test 
varieties  were  scored  for  damage  reaction  when  TN  1  (the  susceptible  check)  had  scored 
6,  by  adopting  a  scoring  system  developed  by  the  authors  for  critical  evaluation.  Based 
on  damage  symptomatology  and  insect  settling  behaviour  on  different  plant  parts,  the 
scoring  values  were  given  as  1  for  first  leaf,  2  for  second  leaf,  3  for  third  leaf  and  2  for 
stem. 

In  case  of  initiation  of  wilting  or  yellowing,  only  half  the  score  of  the  particular  leaf 
was  considered.  In  a  condition  where  the  first  leaf  was  completely  wilted  and  also  the 
second  leaf,  the  total  score  of  the  plant  was  reckoned  as  1  +  2  =  3.  If  the  third  leaf  was 
also  partially  wilted,  the  score  would  be  1  +  2  +  1-5  =  4-5.  If  the  plant  was  dead,  the 
score  was  1  +  2  +  3  +  2  =  8.  All  the  seedlings  were  scored  individually  for  damage 
reaction,  and  the  average  score  for  the  test  variety  was  worked  out.  For  comparison  of 
different  test  entries  damage  index  was  calculated  as  follows: 

_.  .  Average  score  of  test  variety  x  100 

Damage  index  = - 

Average  score  of  TN  1 

As  soon  as  the  final  damage  scoring  was  completed,  the  plants  were  dissected  to  count 
the  number  of  eggs  laid.  Data  on  damage  index  were  analysed  and  the  following 
criterion  was  used  for  comparison.  Entries  showing  significantly  less  damage  than 
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susceptible  check  TN  1  were  designated  as  0,  while  entries  showing  no  significant 
difference  than  TN  1  were  rated  as  1. 

2.2     Antibiosis 

Cellulose  butyrate  cages  with  muslin  cloth  windows  were  used  for  caging  nymphs  or 

adults  separately  on  individual  20  day-old  test  plants..  •    .  • 

2.2a     Nymphs:  Five  first  instar  nymphs  were  caged  on  individual  plants  and  seven 

replications  were  maintained  for  each  test  variety.  Insect  survival  was  recorded  at  three- 
clay  intervals  until  nymphs  became  adults.  Growth-index  was  the  criterion  used  for 
comparison.  The  growth-index  was  calculated  by  dividing  the  percentage  of  the 
nymphs  becoming  adults  with  the  average  developmental  period  and  entries  were 

scored  as  follows. 

Growth-index  Score 

0  0 

0-1  to  1  1 

M  to  2  2 

2-1  to  3  3 

3-1  to  4  4 

4-1  to  5  5 

2.2b  Adults:  Ten  pairs  of  males  and  females  (2-day  old)  were  caged  on  individual 
plants  and  observations  on  their  survival,  longevity  and  oviposition  were  recorded.  The 
entries  were  classified  on  the  basis  of  adult  longevity  by  assigning  the  following  scores 

for  comparison. 

Adult  longevity  (days)  Score 

0  to  5  0 

5-1  to  10  1 

10-1  to  15  2 

15-1  to- 20  3 

Final  classification  of  the  varieties  was  based  on  the  cumulative  score  obtained  under 
the  above  three  criteria  for  determining  the  degree  of  resistance. 

Score  Classification 

0  to  1  Highly  resistant 

2  to  3  Resistant 

4  to  5  Moderately  resistant 

Above  5  Susceptible 

3.    Results  and  discussion 

Studies  on  insect  plant  relationship  were  conducted  under  greenhouse  conditions  to 
identify  varieties  highly  resistant  to  both  species  of  green  leafhoppers,  N.  virescens  and 
N.  nigropictus.  One  hundred  and  eight  rice  varieties  were  included. 

3.1     Mass  screening  tests 

Progressive  damage  symptoms  in  the  susceptible  variety,  TN  1,  at  the  3-leaf  stage 
indicated  that  the  damage  symptoms  caused  by  green  leafhoppers  progressed  from  the 
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first,  second  and  third  leaf.  Insect  settling  behaviour  was  not  related  to  the  degree  of 
damage.  However,  more  hoppers  settled  on  the  second  leaf,  followed  by  third  leaf,  stem 
•  and  first  leaf.  Based  on  these  results,  various  scores  were  assigned  to  different  plant 
parts  as  described  earlier. 

Mass  screening  of  108  entries  conducted  in  12  separate  sets  revealed  that  16  and  .72 
varieties  were  significantly  less  damaged  than  TN  1  by  Ar.  virescens  and  /)/.  nigropictus, 
respectively.  In  general,  N.  nigropictus  inflicted  greater  damage  than  N.  virescens  to  the 
same  varieties  (table  1).  This  could  be  attributed  to  more  feeding  punctures  made 
because  of  the  less  preference  of  the  host  (Viswanathan  and  Kalode  unpublished).  By 
adopting  similar  mass  screening  test,  Rapusas  and  Heinrichs  (1982)  identified  IR  24, 
IR  28,  IR  29,  IR  30  and  IR  34  as  resistant  to  N,  virescens.  '  • 

Preferential  settling  of  the  insects  in  relation  to  damage  was  not  greatly  significant. 
Similarly,  egg  laying  was  also  not  related  to  the  extent  of  damage  caused  to  the  variety. 
However,  the  non-preference  mechanism  observed  in  some  cases  appeared  to  be  of  a 
gustatory  nature.  This  was  evident  from  the  fact  that  even  highly  resistant  varieties  like 
Ptb  2,  Ptb  18  and  Ptb  7  were  damaged  to  some  extent  (table  1)  but  while  doing  so  both 
the  species  excreted  less  honey  dew  when  fed  on  these  varieties  (Viswanathan  and 
Kalode  unpublished). 

3.2     Antibiosis 

3.2a  Nymphs:  varieties  varied  greatly  in  nutritional  suitability  and  for  nymphal 
development  of  test  insects.  On  a  majority  of  the  test  varieties  a  small  percentage  of  N. 

Table  1.  Preferential  damage  indices,  number  of  adult  insects  settled  and  number  of  eggs 
laid  by  N.  virescens  (N.v.)  and  N.  nigropictus  (N.n.)  under  mass  screening  tests  on  selected  rice 
varieties*. 

Preferential  Insects  settled  Eggs  laid 

damage  index  (Average  number)  (Average  number) 

Variety  N.v.  N.n.  N.v.  N.n.^  'N.v.  N.n. 


Ptb  2 

37 

58 

3 

3 

3 

2 

Ptb  18 

6 

44 

2 

3 

4 

3 

Ptb  7 

4 

49 

3 

4 

5 

3 

Khama  49/8 

13 

51 

3 

5 

3 

2 

ARC  10243 

15 

61 

3 

4 

5 

2 

Jhingasail 

13 

61 

4 

3 

3 

3 

Kalimekri  391 

0 

29 

4 

4 

4 

2 

Godalki 

20 

35 

4 

4 

5 

3 

ADT7 

20 

27 

4 

,-*.:  3 

.-  v.>4  ••  •.'••* 

.  .-  -.'.-  3    •• 

CO  9 

62 

51 

14 

"""n  

'••••*j 

'  ;''""3 

Sukali 

68 

89 

4 

4 

2  . 

5 

Vijaya 

37 

46  '' 

;'-;'  /i*"-1 

:,-:i:/-9-:-.:  -. 

:  >.:7;>  ,v. 

v  -;.3:.  ••'••- 

Ptb  10 

45       . 

.."•'.  si"..' 

•.  ,f  .-../';. 

'.    .:.    3"     "'.' 

'  .     4"'"'' 

•••y;:': 

Kataribhog 

84 

80 

'  ':  "  4    '"  ' 

'  '  4"    '  '' 

'    :    4     '"••' 

'"''•'  '3 

TN  1  (S.  check) 

100 

100 

4 

5 

4 

2 

*  The  data  were  taken  from  J  2  separate  experiments.  The  statistical  analysis  was  done  experiment  wise  and 
hence  not  given  Tiere.       " '• '"    '''""'' ''"' r    '::'"':J' :.r-''-'v':-:"  •'•••:-  '•••      '.•:•-. •*•';:•'••  -•    :;.^---:;  .v/.,-1;-.-:^ •::••"•••..*•;. 
(S.  check)3 ^ 
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nigropictus  nymphs  reached  the  adult  stage  and  the  growth-index-values  were  less  when 
fed  on  susceptible  varieties  (Ptb  10,  Kataribhog  and  TN  1)  as  compared  to  N.  virescens 
(tables  2  and  3).  Thus/Af.  nigropictusis  not  so  well  adapted  to  rice  as  N.  virescens.  The 
varieties,  Ptb  18y-JPtb  2  and  Ptb  7,. exhibited  a  high  degree  of  antibiosis  with  high 
mortality  of  first  instar  nymphs  of  both  N.  nigropictus  and  N.  virescens  within  10  days 
suggesting  a  comriidn'resistance  mechanism  in  these  varieties.  Studies  conducted  at  IRRI 
have"  shown  .that  iriany  varieties  possessed  high  degree  of  resistance  to  N.  virescens 
comparable  to  the  above  varieties  (Cheng  and  Pathak  1972).  But  in  our  study  there  was 
a  greater  survival  on  the  same  varieties  indicating  probable  differences  in  pest  bio  types 
(tablfe'4).  The  present  report  is  perhaps  the  first  one  of  such  type  of  variations  in  the  case 
of  green  leafhopp^r  .reaction  between  two  countries.  However,  the  varieties  Khama 
49/8,  DS  1,  Khama  49/2  and  Jhingasail  were  resistant  both  at  AiCRipand  IRRI.  Recent 
studies  conducted  by  Karim  and  Pathak  (1979)  also  revealed  the  susceptibility  of 
Pankhari  203,  ASD*7,  IR  8  and  ASD  8  in  Bangladesh  to  N.  virescens.  Based  on  these 
studM  it  is  concluded  that  the  physiological  races  (biotypes)  of  N.  virescens  differ  in 
Philippines  and  Bangladesh.  Although  similar  reports  are  available,  of  late,  from 
different  countries^  repeated  investigations  with  selected  common  sets  of  differentials 
are  needed  to  ascertain  biotypic  variations,  if  any,  in  the  pest  populations. 

3.2b  '-Adults:  Newly  emerged  Adults  survived  for  only  3  to  6  days  on  highly  resistant 
varieties  and  for  8${o  13-4  days  on  resistant  varieties  as  compared  to  16  to  20-1  days 
survival -on -T-N 4.  Tlie  surviving  insects  also  laid  fewer  eggs  on  both  resistant  and  highly 
resistant  varieties  than  on  the  susceptible  check  (table  5).  This  indicates  that  adult 


Table  2.    Survival  and  development  of  N.  virescens  nymphs  on  selected  rice  varieties. 


Percentage  survival 
of  1st  instar 
nymphs  after  days 

Average 
develop- 
mental 
period 

Growth 

Variety 

3 

9 

18 

(days) 

index 

Ptb  2                

9 







0-0 

Ptb  7 

74 

0 

— 

— 

.     0-0 

Ptb  18 

34 

— 

— 

•  — 

0-0 

Khama  49/8 

51 

23 

6 

19-5 

0*2 

ARC  10243 

100 

57 

11 

17-2 

0-6 

Jhingasail 

77 

54 

14 

16-2 

0-9 

Kalimekri  391 

89 

74 

11 

19-4 

0-6 

Godalki 

89 

69 

26 

19-1 

1-3 

ADT  7 

100 

77 

13 

18-6 

1-6 

CO  9 

97 

69 

31 

18-0 

1-7 

Sukali 

97 

66 

17 

17-7 

0-9 

Vijaya 

80 

49 

31 

13-7 

2-2 

Ptb  10 

100 

74 

40 

14-1 

2-8 

Kataribhog  •' 

100 

97 

51 

15-6 

3-2 

TN  1  (S.  check) 

100 

89 

86 

16-2 

5-2 

-—  indicates  no  survival  in  earlier  observation. 
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Table  3.    Survival  and  development  of  N.  nigroplcti  s  nymphs  on  selected  rice  varieties. 


Percentage  survival 

Average 

of  1st  instar 

de  velop- 

nymphs  after  days 

mental 

period                 Growth 

Variety 

3               9              18 

(days)                   index 

Ptb2 

6             ___             ___ 

—                       0-0 

Ptb7 

83               0             — 

—                       0-0 

Ptb  18 

on 

Q-y                                      _—                                       

—                       0-0 

Khama  49/8 

89             29              14 

20-2                      0-7 

ARC  10243 

100             51              20 

20-2                      1-0 

Jhingasafi 

80             43             20 

19-2                      1-0 

Kalimekri  391 

91             69             23 

19-3                      1-1 

Godalki 

94             60               9 

19-6                       0-4 

ADT7 

94             66              34 

17-5                       1-9 

CO  9 

100             83              29 

H-8                       1-6 

Sukali 

97              80             40 

ITS                       2«2 

Vijaya 

74             -46              26 

16-5                         1-5 

Ptb  10 

86             54              2S1 

15-f                        i-8 

KLataribhog 

100             80              49 

18-5                        2-6 

TN  1  (S.  check) 

91             69             51 

16-5                        3-1 

—  indicates  no  survival  in 

earlier  observation. 

Table  4.    Differential  reaction  of  selected  rice  varieties  to  green  let  (hoppers  at  11?  R! 

(Philippines)  and  AICRIP 

(Hyderabad). 

IRRI* 

AICRIP 

°/ 

/o 

Nymphal  survival 

%  Nymphal  survival 

after  22  days 

after  22  days 

of  caging 

o!"  caging 

Variety 

N.  virescens                    N. 

virescens              N.  nigropiciua 

DK1 

0 

37                              29 

UPC  122 

1 

29                              51 

DV139 

0 

34                              23 

DNJ27 

0 

26                              14 

IRS 

0 

37                              43 

Intan  2400 

0 

57                              23 

MAS 

0 

34                              14 

Pankhari  203 

7 

51                              43 

TN  1  (S.  check) 

90 

69                              54 

*Data  from  Cheng  and  Pathak  (1972). 

longevity  test  could  be  a  good  parameter  for  detection  of  high  level  of  resistance  to 
green  leafhopper  in  rice  varieties. 

The  overall  reaction  based  on  the  three  parameters  of  the  entries  used  showed  that 
Ptb  2,  Ptb  18  and  Ptb  7  could  be  classified  as  highly  resistant,  while  varieties  Khama 


Varietal  resistance  io  rice  green  leaf  hoppers 


61 


Table  5.     Longevity  and  oviposition  of  N.  virescens  and  Ar.  nigropicius  adults  OH  selected  r'ce 
varieties. 


N.  virescens 

Average 

longevity 

Average 

(days) 

number 

of  eggs 

Variety 

Female           Male 

Said 

Ptb2 

4-4               4-6 

10-5 

Ptb  18 

4-1                3-0 

0-0 

Ptb  7 

5-2                4-5 

6-3 

Khama  49/8 

12-3               10-4 

29-3 

ARC  10243 

13-4              12-1 

53-1 

Jhingasail 

12-4              10-6 

44-7 

Kalimekri  391 

9-5                8-4 

27-2 

Godalki 

14-3              12-8 

58-  i 

ADT7 

17-0              16-1 

69-3 

CO  9 

15-6              16-0 

65-5 

Sukali 

14-3              13-3 

46-4 

Vija}^a 

15-0              15-6 

61-1 

Ptb  10 

18-4              16-8 

93-8 

Kataribhog 

16-3               14-2 

83-1 

TN  !  (S.  check) 

20-1               19-  1 

137-0 

N.  nigropictus 

Average 

longevity 

Average 

(days) 

number 

of  egg;* 

Variety 

Female           Male 

laid 

Ptb  2 

5-0                5-0 

16-2 

Ptb  18 

4-2                4-0 

2-5 

Ptb  7 

6-4                5-8 

10-2 

Khama  49/8 

10-2              105 

29-4 

ARC  10243 

9-8                8-4 

59.4 

Jhingasai! 

11-1                9-4 

27-  1 

Kaiirnekri  391 

12-4               il-7 

32-6 

Godalki 

13-4                9-9 

42-5 

ADT  7 

14-2              13-8 

56-  i 

CO  9 

15-2       ..      16-7 

53-5 

Sukali 

11-7              10-2 

33-6 

Vijaya 

15-1              14-2 

53-8 

Ptb  10 

16-7               15-8 

73-3 

Kataribhog 

14-2              11-6 

45-2 

TN  1  (S.  check) 

17-8              16-0 

89-4 
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49/8,  Ptb  21,  DS  1,  ARC  6049,  Khama  49/2,  ARC  10243  and  Jhingasait  as  resistant  to 
both  green  leafhoppers.  On  the  other  hand,  21  varieties  were  susceptible,  while  77  lines 
indicated  differential  reactions  (only  representative  entries  are  given  in  table  6).  The 
present  studies  revealed  that  varieties  highly  resistant  to  one  green  leaf  hopper  species 
could  also  be  highly  resistant  to  the  other  green  leafhopper  species. 
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Activity  of  certain  enzymes  of  amino  acid  metabolism  in  the  liver  and 
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Abstract.  Activity  of  arginase,  GDH,  AAT  and  ALAT  have  been  studied  in  the  liver  and  kidney 
of  three  amphibian  species  that  differ  in  their  habitat  preferences  ranging  from  aquatic, 
semiterrestrial  to  terrestrial  modes  of  living.  The  enzyme  levels  in  the  liver  tissue  cannot  be 
correlated  to  the  habitat  preferences  of  the  species,  but  the  kidney  enzymes  show  some 
correlations,  with  aquatic  species  showing  higher  rates  of  enzyme  activity.  The  kidney-to-liver 
ratio  of  enzyme  activity  is  also  high  in  aquatic  species. 

Keywords.  Bufo  melanosticus;  Rana  tigrina;  Rana  cyanophlyctis;  arginase;  glutamate  de- 
hydrogenase;  aspartate  aminotransferase;  alanine  aminotransferase. 

L    Introduction 

The  capacity  of  urea  synthesis,  during  the  periods  of  restricted  water  availability,  in  the 
hepatic  tissue  of  amphibians  is  considered  to  have  played  a  key  role  in  the  transition  of 
these  animals  to  a  terrestrial  existence  (Campbell  1973).  Nitrogen  excretion  of  a  species 
bias  been  classically  related  to  the  water  availability  in  its  environment  (Balinsky  1970; 
Campbell  1973).  According  to  Jungries  (1976),  the  partition  of  excretory  nitrogen 
lepends  upon  the  capacity  of  the  enzyme  systems  involved  in  this  metabolism  rather 
than  water  availability  to  the  species.  Urea  is  a  passive  component  of  some  unknown 
function  and  the  excretory  ammonia  is  produced  in  the  kidney  of  amphibians  mainly  to 
conserve  the  blood  sodium. 

In  view  of  the  above  suggestions,  it  was  felt  desirable  to  study  the  activity  of  certain 
enzymes  involved  in  the  amino  acids  catabolism  in  the  liver  and  kidney  of  three 
imphibian  species  that  differ  in  their  habitat  preferences  ranging  from  fully  aquatic 
(Rana  cyanophlyctis),  semiterrestrial  (Rana  tigrina)  to  terrestrial  (Bufo  melanosticus) 
mode  of  living  (Daniel  1963,  1972). 

Four  enzymes,-  viz  arginase  (L-arginine  ureohydrolase,  EC  3.5.3.1),  glutamate 
iehydrogenase  (GDH;  L-glutamate:  NAD  (P)  oxidoreductase,  EC  1.4.1.3),  aspartate 
aminotransferase  (AAT;  L-aspartase-2-oxoglutarate  aminotransferase,  EC  2.6.1.1)  and 
ilanine  aminotransferase  (ALAT;  L-alanine  2-oxoglutarate  aminotransferase,  EC 
2.6.1.2),  are  chosen  for  the  study  because  of  their  importance  in  both  excretory  and 
energy  metabolism. 

2.    Materials  and  methods 

The  frogs,  Rana  tigrina  and  Rana  cyanophlyctis,  were  collected  from  ponds  around 
ECakatiya  University,  while  the  toads  (Bufo  melanosticus)  were  collected  in  the  Campus 
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area.  The  animals  were  kept  in  wire-meshed  cages  in  a  constantly  flowing  water  canal, 
leaving  sufficient  space  and  shade  for  animals  to  move  in  and  out  of  the  water.  During 
captivity  they  were  fed  on  cockroaches.  Average  size  adult  animals  of  either  sex  were 
used  in  the  experiment.  They  were  killed  within  a  week  by  pithing  and  the  tissues  were 
removed  to  ice-jacketed  containers.  The  tissues  were  processed  for  assay  of  their 
enzyme  by  the  following  methods. 

Arginase  was  assayed  by  the  method  of  Campbell  (1961).  Tissues  were  first  cleaned 
and  the  blood  clots  removed  in  0-02  M  glycinate  buffer  (pH  9-5).  They  were 
homogenized  in  0-1  %  cetyl  trimethyl  ammonium  bromide  to  a  final  concentration  of 
10  %  (W/V).  One  ml  of  liver  extract  was  diluted  to  30  ml  with  0-02  M  glycinate  buffer 
and  0-1  ml  of  the  diluted  extract  was  used  for  the  enzyme  assay.  In  the  case  of  kidney, 
the  extract  was  centrifuged  at  3,000  rpm  for  10  min  and  0-1  ml  of  the  supernatant  was 
directly  used  for  the  enzyme  assay,  The  assay  mixture  (one  ml)  contained  85  /tmoles  of 
L-arginine,  50  //moles  glycinate  buffer  (pH  9-5),  0-5  //moles  of  MnCl2  and  0-1  ml  of  the 
enzyme  source. 

After  incubating  for  30  min  at  37CC,  the  reaction  was  stopped  by  4  ml  of  10% 
perchloric  acid.  The  contents  were  centrifuged  and  1  ml  of  the  clear  supernatant  was 
taken  for  urea  estimation.  Appropriate  zero-time  controls  were  maintained  for  all 
experiments.  Urea  was  estimated  by  the  method  of  Natelson  (1957). 

GDH  activity  was  estimated  by  the  method  of  Lee  and  Lardy  (1965)  with  slight 
modifications.  Homogenates  (1  %)  of  both  liver  and  kidney  were  prepared  in  ice-cold 
0-25  M  sucrose  and  the  homogenate  was  centrifuged  at  3,000  rpm  for  15  min.  The 
supernatant  (0-5  ml)  was  used  for  the  assay.  The  assay  mixture  contained  40  //moles  of 
sodium  glutamate,  0-1  //moles  NAD*  (nicotinamide  adenine  dinucleotide),  2  //moles  of 
INT  (2-(P-iodophenyl)-3-P-(nitrophenyl)-5-(phenyl)  tetrazolium  chloride),  100 //moles 
of  phosphate  buffer  (pH  7-5)  and  0-5  ml  of  the  enzyme  source  in  a  final  volume  of  2  ml. 
The  reaction  mixture  was  incubated  at  37°C  for  30  min  and  the  reaction  was  stopped  by 
adding  5  ml  of  glacial  acetic  acid.  The  formazan  formed  was  extracted  overnight  in  5  ml 
toluene  under  cold  condition  (in  a  refrigerator  maintained  at  0-5°C).  The  colour 
intensity  was  measured  at  490  m//  in  a  colorimeter. 

AAxand  ALAT  were  estimated  according  to  the  method  of  Reitman  and  Frankel  (1957). 
Homogenate  (10%)  of  both  liver  and  kidney  was  prepared  in  ice-cold  0-25  M  sucrose. 
The  homogenate  was  centrifuged  for  15  min  at  3,000  rpm.  The  supernatant  was  diluted 
1 : 39  with  ice-cold  0-25  M  sucrose  and  aliquots  (0-05  ml  for  AAiand  0-2  ml  for  ALAT)  of 
diluted  mixture  were  used  for  the  enzyme  assay.  The  reaction  mixture  in  a  final  volume 
of  1  ml  contained  0-5  mmoles  of  substrate  (L-aspartic  acid  for  AAT,  DL-Alanine  for 
ALAT),  2  //moles  a-ketoglutarate  in  0-1  M  phosphate  buffer  (pH  7-5)  and  the 
appropriate  amounts  of  the  enzyme  source. 

The  contents  were  incubated  at  37°C  for  1  hr  and  the  reaction  was  stopped  by  adding 
1  ml  of  2,  4-dinitrophenyl  hydrozine  (200  mg/100  ml  of  acid  solution).  The  contents 
were  mixed  gently  and  after  20  min  10  ml  of  04  N  sodium  hydroxide  solution  were 
added.  The  contents  were  mixed  by  inversion  and  after  5  min,  the  colour  developed  was 
read  at  520  m//.  The  activity  is  expressed  as  /onoles  of  pyruvate  formed/g/hr. 

3.    Results  and  discussion 

Arginase  is  one  of  the  key  enzymes  in  urea  cycle.  Although  urea  synthesis  in  amphibia 
is  confined  to  liver,  arginine  hydrolysis  is  reported  to  take  place  in  the  kidney  of 
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amphibians  (Brodsky  et  a!  1965).  Table  1  shows  higher  arginase  activity  in  the  liver  of 
terrestrial  Bufo  melanosticus  and  semiterrcstrial  Rana  tiyrina  when  compared  to  that  of 
aquatic  Rana  cyanophlyctis.  Kidney  enzyme  activity  (table  2)  is  high  in  Rana  tiyrina  and 
Rana  cyanophlyctis  when  compared  to  that  of  Bufo  melanosticus.  Liver  arginase  activity 
cannot  be  correlated  so  much  with  the  habitat  preferences  of  the  species  and  is  reported 
to  vary  with  diet.  Kidney  arginase,  on  the  other  hand,  is  reported  to  be  more  active  in 
aquatic  amphibians,  when  compared  to  that  of  terrestrial  species  (Carlisky  1^70  and 
Boernke  1974).  Although  arginase  activity  in  the  kidney  tissue  of  Rana  tiyrina  is  slightly 
higher  over  that  of  Rana  cyanophlyctis  the  kidney-to-liver  ratio  of  enzyme  activity  is 
high  in  the  order  of  Rana  cyanophlyctis  >  Rana  tu/rina  >  Bufo  melanosticus  liable  3). 
This  is  in  agreement  with  the  role  of  active  urea  transport  attributed  to  this  en/yme  in 
the  kidney  tissue  of  aquatic  species  (Boernke  1974)  which  in  turn  helps  them  in 
overcoming  the  hydration  stress  (Forster  1970). 

GDH  in  amphibians  is  less  specific  and  is  capable  of  deaminating  a  number  of  L- 
aminoacids  (Balinsky  1970).  In  liver,  the  enzyme  participates  in  the  removal  of  NH4  " 

Table  1.     Levels  of  arginase,  GDH,  AAT  and  ALAT  in  the  liver  of  three  amphibian  species. 


Species 

Arginase 
(15) 

'       GDH 
(10) 

AAT 

(12) 

ALAT 

(10) 

ALAT  AA'I 

B  ufo  melanost  icus 

9230-25" 

±479-02 

102-61 

±25-35 

7955-88 
±  2689-30 

864-76 

±141-23 

0-MJ9 

Rana  tiyrina 

9320-59" 

±937-34 

52-16 
±18-67 

3080-38 

±1030-38 

1  473-64* 

±635-HK 

0-478 

Rana  cyanophlyctis 

6758-97 
±1358-42 

75-304 
±20-797 

4662-74 
±  636-30 

1067-06" 
±184-64 

0-229 

Variation  of  enzyme  activity  is  statistically  significant  (P  values  range  from  <  0-05  to  <  0  (KH ) 
except  in  case  of  arginase,  "between  Bufo  melanosticus  and  Rana  tiarina  and  ALAT  *  bet  ween 
Rana  tiyrina  and  Rana  cyanophlyctis. 

Values  represent  the  mean  ±S.D.  of  //moles  of  product  formed/g  wet  wt/hr;  No.  of 
observations  are  given  in  parenthesis. 


Table  2.    Levels  of  arginase,  GDH,  AAT  and  ALAT  in  kidney  tissue  of  the  three  species. 


Species 

Arginase 

GDH 

(10) 

AAT 

(10) 

ALAT 

(10) 

ALAT;  AAT 

Bufo  melanosticus 

12446  (10) 
±15-65 

24-35 

±4-33 

3649-59 
±  376-96 

830-00 
±158-33 

0-227 

Rana  tigrina 

487-61  (8) 
±12-66 

65-80 
±  14-43 

2873-53 
±894-61 

1534-12 

±566-97 

0-534 

Rana  cyanophlyctis 

438-82  (10) 
±58-34 

99-66 
±20-41 

5383-31 
±1413-65 

2219-41 

±312-77 

0-412 

Variation  of  enzyme  activity  of  all  the  four  enzymes  amongst  the  three  species  is  statistically  significant 
(P  values  range  from  <  0-05  to  <  0-001). 

Values  represent  the  mean  ±  S.D.  of  the  uM  of  product  formed/g  wet  wt/hr;  No.  of  observations  are  given 
in  parenthesis. 


68  V  Lakshmipathi  and  P  Venkat  Reddy 

Tabie  3.    Kidney-to-liver  ratio  of  enzyme  activity  in  three  species. 


Species  Arginase  GDH  AAT  ALAT 

Bufo  melanosticus  0-013°  0-24fl  0-46°  0-96C 

Ranatigrina  0-052"  1-26C  0-93C  1-04C 

Rana  cyanophlyctis  0-065*  1-32*  1-16C  2-08" 

a>b  Variation  of  enzyme  activity  between  the  liver  and  kidney  is  statistically  significant  (flP 

<  0-001,  bP<  0-05) 

c  The  variation  is  not  significant  at  P  =  0-05. 

Values  are  computed  from  the  mean  values  of  tables  1  and  2. 

from  the  tissue.  In  kidney,  it  is  involved  in  ammonia  excretion  ( Janssens  1972).  Results 
presented  in  tables  1  and  2  indicate  that  GDH  activity  in  liver  is  high  in  the  order  of  Bufo 
melanosticus  >  Rana  cyanophlyctis  >  Rana  tigrina.  In  kidney  the  order  is  Rana 
cyanophlyctis  >  Rana  tigrina  >  Bufo  melanostocus.  A  direct  relationship  exists  be- 
tween the  kidney  GDH  activity  and  habitat  preferences  of  the  species.  Aquatic  species 
show  higher  kidney-to-liver  ratio  of  enzyme  activity  (Balinsky  1970).  The  kidney-to- 
liver  ratio  of  the  enzyme  activity  and  the  kidney  enzyme  activity  in  the  present 
investigation  shows  high  activity  in  the  order  of  aquatic  >  semi  terrestrial  >  terrestrial 
species.  The  liver  enzyme  does  not  show  this  pattern.  GDH  activity  is  regulated  by  the 
energy  status  of  cells  (Hochachka  and  Somero  1973).  In  an  early  investigation 
(Lakshmipathi  and  Ramana  Rao  1980)  it  was  shown  that  SDH  activity  in  the  liver  of 
Rana  tigrina  is  very  high.  It  can  be  suggested  that  the  liver  GDH  activity  is  probably 
under  the  regulation  of  energy  status  of  these  cells. 

AAT  activity  in  liver  is  high  in  the  order  of  Bufo  melanosticus  >  Rana  cyanophlyi$is 

>  Rana  tigrina,  but  in  kidney  it  is  in  the  order  of  Rana  cyanophlyctis  >  Bufo 
melanosticus  >  Rana  tigrina.  ALAT  activity  is  high  in  the  liver  of  Rana  tigrina  followed 
by  Rana  cyanophlyctis  and  Bufo  melanosticus.  In  kidney  it  is  high  in  the  order  of  Hana 
cyanophlyctis  >  Ranatigrina  >  Bufo  melanosticus.  The  kidney-to-liver  enzyme  activity 
ratio  of  both  AAT  and  ALAT  is  high  in  the  order  of  Rana  cyanophlyctis  >  Rana  tigrina 

>  Bufo  melanosticus.  The  variation  between  the  kidney  and  liver  enzyme  activity  j$ 
significant,  in  the  case  of  AAT,  in  Bufo  melanosticus,  and  in  case  of  ALAT  in  Rana 
cyanophlyctis.  The  high  AAT  activity  was  related  to  the  increase  in  urea  production  apd 
the  enzyme  activity  was  shown  to  increase  during  metamorphosis  and  in  aestivation. 
ALAT  activity,  on  the  other  hand,  decreases  during  metamorphosis  (Balinsky  1970  for 
references).  Balinsky  (1970)  recorded  evidence  that  the  ratio  of  ALAT  to  AAT  and  the  GDH 
were  both  high  in  Xenopus  laevis  when  compared  to  that  of  Rana  angolensis.  Xenopus 
laevis,  kept  out  of  water,  was  shown  to  increase  its  AAT  to  ALAT  ratio  (Janssens  1964). 
High  AAT,  low  ALAT  and  low  GDH  activity  in  Bufo  melanosticus  (tables  1  and  2)  can  be 
attributed  to  its  terrestrial  mode  of  living.  Rana  tigrina  shows  low  activity  of  AAT  both  in 
liver  and  kidney,  when  compared  to  that  of  Rana  cyanophlyctis.  Since  GDH  regulates  the 
levels  of  transaminases  by  controlling  the  levels  of  glutamate  (Hochachka  and  Somero 
1973)  it  can  be  stated  that  low  transaminase  activity  in  this  species  is  due  to  low  GDH 
activity.  Rana  cyanophlyctis,  on  the  other  hand,  shows  a  high   GDH  and   high 
transaminase  activity.  The  ratio  of  kidney-to-liver  ALATactivity  is  double  in  this  species. 
Since  alanine  deamination  through  GDH  is  the  principal  route  of  excretory  ammonia 
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formation  in  the  kidney  of  aquatic  species  (Balinsky  1970),  the  high  ALAT  and  GDH 
activity  in  kidney  of  Rana  cyanophlyctis  can  be  attributed  to  this  deamination  process. 
The  ALAT/  AAT  ratio  in  this  species  is,  however,  low  when  compared  to  that  of  Rana 
tigrina  (tables  I  and  2).  The  ALAT/ AAT  ratio  was  shown  to  remain  constant  in  aestivation 
in  Xenopus  laevis  (Balinsky  1970)  indicating  that  it  is  not  the  ratio  of  ALAT/  AAT,  but  the 
relative  activity  of  transamination  coupled  with  GDH  activity,  particularly  in  the  kidney, 
that  can  be  correlated  with  the  habitat  preferences  of  the  species.  The  high  ALAT  activity 
in  kidney  in  the  order  of  Rana  cyanophlyctis  >  Rana  tigrina  >  Bufo  melanosticus  is  in 
accordance  with  the  habitat  preferences  of  the  species. 

Comparative  studies  of  the  levels  of  GDH,  AATand  ALATin  the  liver  tissues  of  the  three 
species  present  an  interesting  picture.  The  activity  of  both  GDH  and  AAT  is  high  in  the 
order  of  Bufo  melanosticus  >  Rana  cyanophlyctis  >  Rana  tigrina,  but  a  reverse  re- 
lationship exists  in  case  of  ALAT  where  the  activity  is  in  the  order  of  Rana  tigrina  >  Rana 
cyanophlyctis  >  Bufo  melanosticus.  AAT  and  GDH  form  enzyme-enzyme  complexes  and 
both  glutamate  and  aspartate  as  the  substrates  enhance  the  binding  of  these  enzymes 
(Fahien  and  Kmiotek  1979).  The  general  correlation  in  the  activity  of  GDH  and  AAT 
indicates  that  the  two  enzymes  are  probably  involved  in  the  complex  formation.  A 
reciprocal  relationship  between  ALAT  and  GDH  activity  was  reported  in  bovine  liver 
tissues  (Tomkins  et  al  1961).  A  low  molecular  monorneric  forms  of  the  enzyme  proteins 
promote  L-alanine-pyruvate  interconversion,  while  high  molecular  polymeric  forms 
promote  GDH  activity.  Bitensky  et  al  (1965)  reported  that  factors  influencing  the  state  of 
aggregation  of  the  molecules  effect  changes  in  the  activities  of  the  enzyme.  The 
reciprocal  relationship  observed  in  the  activity  of  GDH  and  ALAT  in  the  liver  tissue  of  the 
three  species  suggests  the  qualitative  reaction  mechanisms  of  ALAT  and  GDH  to  be  similar 
in  both  beef  liver  and  frog  liver.  Earlier  investigators  (Wiggert  and  Cohen  1965; 
Balinsky  1970)  reported  differences  between  the  two  enzymes  but  suggested  that  a 
closely  linked  enzymatic  site  is  probably  involved  in  the  oxidation  of  both  L-alanine 
and  L-glutamate  in  frog  livers.  The  absence  of  this  reciprocal  relationship  in  the  kidney 
of  the  three  species  indicates  that  the  two  enzymes  are  different.  Janssens  (1972) 
demonstrated  differences  in  electrophoretic  and  kinetic  properties  of  liver  and  kidney 
enzymes  and  suggested  that  they  are  either  of  different  origin  or  of  different 
aggregation. 
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Abstract.  The  olfactory  communication  signals  in  eleven  individuals  of  sambar  deer  were 
studied.  They  marked  the  objects  in  the  enclosure  with  the  secretions  of  diverse  specialized 
integumentary  glands.  The  tendency  to  sniff  the  marked  sites  was  more  consistent  among 
females  than  in  males.  Both  sexes  of  this  species  of  deer  depend  considerably  on  olfactory  cues 
during  various  social  interactions. 

Keywords.  Cervus  unicolor,  olfactory  signals;  scent  marking;  preorbitai  marking;  forehead 
rubbing;  pedal  marking. 


1.  Introduction 

Mammals  in  general  have  an  extremely  sensitive  olfactory  system.  An  odour  is  the 
culmination  of  sensory  stimulation  caused  by  a  group  of  molecules.  These  molecules 
are  chemical  compounds  released  from  a  gland  to  the  outside  of  the  body  which  may  be 
received  by  another  individual,  resulting  in  a  specific  behaviour  or  physiological  process 
in  the  recipient  (Karlson  and  Luscher  1959).  In  mammals,  odoriferous  compounds  are 
found  in  urine,  faeces,  vaginal  secretions,  saliva  and  in  the  secretions  of  specialized  skin 
glands  (Mykytowycz  1970). 

Attempts  have  been  made  recently  to  develop  the  practical  application  of  olfactory 
signals  in  reducing  damage  to  man's  livestock,  crops  and  other  products.  These  applied 
studies  helped  in  the  search  for  using  olfactory  signals  in  pest  control,  wildlife 
management  and  in  reducing  damage  by  wildlife  (Shumake  1977).  The  present  study 
has  been  undertaken  to  evaluate  the  role  of  olfactory  signals  in  social  interactions  in  the 
sambar  deer,  Cervus  unicolor  under  seminatural  conditions,  and  forms  part  of  our 
investigations  on  chemical  communication  signals  in  mammals. 

2.  Material  and  methods 

2.1     Animals 

Sambar  deer  kept  in  an  open  enclosure  (0*15  ha)  at  the  Trivandrum  Zoo  formed  the 
subject  of  the  present  study.  In  May  1980,  during  the  beginning  of  this  study,  this  group 
of  sambar  consisted  of  six  males  and  five  females.  Individuals  were  identified  on  the 
basis  of  their  body  size,  nature  and  length  of  antlers  and  various  identification  marks 
seen  on  their  body.  The  males  were  named  Ml,  M2,  M3,  M4,  M5  and  M6  and  the 
females  Fl,  F2,  F3,  F4  and  F5. 
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2.2    Methods 

Behavioural  observations  were  made  for  4  months  from  May  to  August  1980.  Before 
fixing  the  time  of  observation  on  each  day,  preliminary  observations  were  made  for  a 
week  to  determine  the  most  active  hours  of  the  day.  They  were  more  active  during  the 
feeding  hours  and  hence  daily  observation  was  made  for  2  hr  continuously  during  any 
of  the  following  periods  on  a  random  basis:  0900-1100, 1430-1630  and  1600-1800  hr. 
Data  were  collected  on  the  frequencies  of  preorbital  marking,  forehead  rubbing, 
rubbing  with  hind  hooves  and  pedal  marking  of  all  individuals  using  a  check-sheet.  The 
data  were  analysed  using  student's  t  test  and  chi-square  test. 

3.    Behavioural  observations 

Tables  1  and  2  show  data  on  the  frequencies  of  scent  marking  of  sambar. 


Table  1 .    Frequencies  of  scent  marking  in  sambar  deer  during  the  period  of  observation 
(140  h)* 


Male 

Female 

Type  of  marking 

Mean 

CV  % 

Mean 

CV% 

Preorbital** 

69(55-9) 

81 

15  (7-7) 

51-6 

Forehead** 

31(20-9) 

67 

16(10-7) 

67 

Rubbing  with  hind  hooves 

Ear  pinnae** 

101(24-8) 

23-9 

17(14-3) 

86-6 

Head  area*** 

66(19-2) 

29 

17(12-7) 

77 

*  Each  mean  is  followed  by  its  standard  deviation.  Level  of  significance  between  male  and 

female: 

**p  <  0-05;     ***  p  <  0-01 ;  CV  Coefficient  variations. 


Table  2.    The  association  of  rubbing  of  forehead  with  hind  hooves  and  forehead  against 
objects  in  males  of  sambar  deer  (Chi-square  test)*. 


Rubbing  forehead 

forehead  rubbing 

Animals 

with  hind  hoof 

against  objects 

Total 

Ml 

48(27-6) 

38  (58-4) 

86 

M2 

9(27-7) 

85  (58-8) 

94 

M3 

37(27-7) 

57  (58-8) 

94 

M4 

22(26-6) 

61  (56-4) 

83 

M5 

8(19-9) 

54  (42-1) 

62 

M6 

62(51-6) 

99(109-3) 

161 

Total 

186 

394 

580 

*  Figures  in  brackets  give  the  standard  deviation;  Calculated  value  of  y2  >  %2  0-05  with 

n.d.f.  =«  5. 


Olfactory  signals  in  sambar  deer 
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.1     Preorbital  marking 


loth  the  sexes  of  the  species  have  a  pair  of  preorbital  glands  (figure  1).  This  gland  is  a 
•ouch-like  integumentary  pocket  extended  forward  from  the  anterior  corner  of  each 
ye. 

During  preorbital  rubbing,  the  animals  were  observed  to  examine  the  spot  to  be 
larked  by  sniffing  twice  or  thrice,  tilting  its  head  forward  and  rubbing  the  preorbital 
landular  region  on  the  object  very  lightly  in  a  single  forward  movement.  One  such 
Drward  movement  of  the  head  was  considered  as  one  preorbital  marking.  Fence,  trunk 
f  the  tamarind  tree  in  the  enclosure  and  dead  twigs  were  marked.  This  behaviour  was 
oticed  at  a  higher  frequency  when  they  were  moving  around. 

.2    Forehead  rubbing 

'hey  rubbed  their  forehead  against  posts,  bricks,  fence  and  trunk  of  the  trees  (figure  2). 
'he  bucks  rubbed  their  foreheads  on  overhead  branches  as  they  stood  upright  on  their 
ind  legs  (preaching)  to  reach  them.  The  foreheads  were  also  rubbed  against  the  inner 
sgions  of  its  own  hindlegs.  This  type  of  marking  can  be  differentiated  from  similar 
ehaviour  in  sambar  to  ease  irritation  wherein  they  use  their  antlers,  lips  or  tongue. 
Cutting  stags  after  rubbing  the  forehead  in  the  soft  mud,  rubbed  again  on  the 
asements  and  bricks  seen  in  the  enclosure.  Forehead  rubbing  was  more  pronounced 
uring  various  social  interactions. 

.3     Rubbing  with  hind  hoof 

ucks  and  hinds  used  their  hind  hooves  to  rub  certain  parts  of  their  body  such  as 
reorbital  region,  ear  pinnae,  area  around  the  ear  pinnae  and  snout.  During  this 


Figure  1 .    Showing  the  preorbital  glandular  area  of  a  sambar  buck.  The  glandular  secretion 
can  also  be  seen. 
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Figure  2.    A  sambar  stag  actively  rubbing  the  area  around  the  ear  pinna  on  a  tree  in  the 
enclosure. 


behaviour,  the  interdigital  area  is  pressed  against  various  body  regions.  This  can  be 
differentiated  from  scratching  wherein  the  tip  of  hooves  are  rubbed  against  various 
body  sites*  The  ear  pinnae  and  head  area  were  rubbed  more  frequently.  Usually  this 
type  of  rubbing  occurred  twice  or  thrice  at  a  time,  and  was  noticed  after  eating  bouts 
and  before  and  after  reclining. 

A  strong  association  between  the  rubbing  of  forehead  with  hind  hoof  and  the 
subsequent  rubbing  of  forehead  against  objects  were  observed  in  males  (table  2). 

3.4     Pedal  marking  (stamping  or  thumping) 

The  pedal  glands  were  visible  as  brown  thick  projections  in  the  posterior  part  of  the 
interdigital  area  in  the  foreleg  and  in  the  anterior  part  of  the  hindleg.  Thumping  was 
observed  when  the  animals  were  approached  by  the  Keeper  for  changing  their 
enclosure.  While  running  they  stopped,  stood  still  in  an  alert  position  and  thumped  the 
foreleg  on  the  ground. 


4.    Discussion 

Sambar  deer  of  both  the  sexes  was  _obt@cv@d  to  use  various  olfactory  communication 
signals  during  social  interactions.  Since  they  sniff  the  various  objects  to  be  marked  by 
the 'prebrbitial  glands,  it  is  suggested  that  a  particular  level  of  odour  is  maintained  by 
addjtibnal  rubbling  of  the  preorbital  glandular  pouch.  Perhaps  forehead  rubbiifg  ? 
provides  confide^  may  also  function  as  a  signal  for 
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(1970)  found  that  the  black  tailed  deer,  Odocoileus  hemionus  rub  their  forehead  on  dry 
twigs,  and  such  marked  sites  became  centres  of  social  attention.  Muller-Schwarze 

(1971)  also  suggested  that  this  behaviour  has  relevance  with  the  home  range  in  deer 
species.  The  mule  deer  also  rubs  its  forehead  against  the  inside  of  the  hindiegs  regularly 
to  pick  up  materials  from  the  tarsal  and  metatarsal  glands,  and  the  head  in  turn  was 
rubbed  against  branches  or  bushes  which  are  regularly  checked  olfactorily  by  all 
members  of  the  group  (Muller-Schwarze  1967).  Sambar  deer  also  rub  their  foreheads 
against  the  inner  regions  of  hindiegs,  and  conspecifics  sniffat  this  region  during  variou: 
social  interactions. 

Rubbing  preorbital  pouch,  forehead  and  around  antlers  and  ear  pinnae  with  hind 
hooves  enables  the  sambar  deer  to  transfer  the  secretions  from  these  specialized 
glandular  areas  on  to  the  ground  along  with  the  pedal  scent.  At  the  same  time,  the  pedal 
scent  may  also  be  transferred  to  these  areas  and  marked  along  with  the  different 
chemical  exudates  of  the  gland  concerned.  This  pattern  of  behaviour  is  described  as  'sell 
marking'  (Ewer  1968)  as  there  is  a  possibility  of  marking  the  various  body  sites  will- 
glandular  secretions  from  other  body  regions. 

In  sambar  deer,  the  pedal  scent  leaves  trails  on  the  ground.  Frequent  sniffing  of  the 
ground  by  members  of  the  group  revealed  the  presence  of  these  trails  having  olfactory 
cues.  Sniffing  the  ground  trails  has  also  been  observed  in  spotted  deer,  Axis  axis  (Iyer 
1979),  Caribou,  Rangifer  caribou  (Quay  1955;  Muller-Schwarze  et  al  1978)  and  in  roe 
deer,  Capreolus  capreolus  (Prior  1968;  Chard  1974).  While  fleeing,  the  digits  of  the  foot 
of  deer  species  in  general  are  spread  out  bringing  the  pedal  glands  close  to  the  ground 
and  marking  more  prominently  (Langguth  and  Jackson  1980). 

Daring  thumping  behaviour,  the  interdigital  glands  may  leave  their  secretions  on  to 
the  ground.  Probably  this  scent  may  be  used  as  an  alarm  signal  Stamping  has  also  been 
recorded  in  pampas  deer,  Blastoceros  bezoarcticus  (Langguth  and  Jackson  1980), 
spotted  deer,  Axis  axis  (Iyer  1979)  and  in  males  of  pronghorn  antelope,  Antelocapra 
americana  (Muller-Schwarze  1974). 

The  present  study  has  revealed  the  various  occasions  during  which  sambar  deers 
mark  with  their  specific  cutaneous  glands.  Thus  the  preorbital  rubbing,  forehead 
rubbing,  rubbing  with  hind  hoof  and  pedal  markings  have  their  pronounced  role  in 
maintaining  environmental  sign  posts,  social  signalling,  self  advertisement  and  alarm 
signalling  respectively.  However,  these  findings  are  to  be  confirmed  using  fractions  of 
various  chemical  compounds  seen  in  these  glandular  exudates. 

On  the  basis  of  these  behavioural  observations,  we  have  initiated  studies  on  the 
specialized  integumentary  glands  of  various  body  sites  including  the  'sore  spot' 
(Schaller  1967)  in  this  species.  Further  observations  on  the  variations  in  the  rate  of  scent 
marking  during  breeding  and  non-breeding  seasons  and  animals  in  rut/heat  and  those 
not  in  rut/heat  are  also  in  progress. 
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Abstract.  The  rhizosphere  effect  of  Andropogon  pumilus  Roxb.  on  soil  nematodes,  percent 
organic  matter  and  percent  total  nitrogen  has  been  studied  and  compared  with  non- 
rhizosphere  soils.  The  proportion  of  plant  parasites  and  microbivores  were  considerably 
higher  than  the  proportion  of  miscellaneous  feeders  and  predators  in  the  rhizosphere  than  in 
the  root  free  soils.  Nematode  population  in  the  rhizosphere  reached  a  peak  during  the 
flowering  stage  in  November.  Nematode  density,  percent  organic  matter  and  percent  total 
nitrogen  were  significantly  more  in  the  rhizosphere  soil  than  the  root  free  soil.  In  the 
rhizosphere  soil  nematode  abundance  showed  a  significant  positive  correlation  with  percent 
organic  matter  and  percent  total  nitrogen  indicating  that  the  root  exudates  promote  increase  in 
the  population  of  micro-organisms  and  nematodes. 

Keywords.     Andropogon  pumilus;  rhizosphere;  soil  nematode;  organic  matter;  nitrogen. 


1.    Introduction 

Soil  nematode  populations  show  a  close  relationship  with  the  roots  in  the  soil  (Yeates 
1979).  As  root  grows  through  the  soil  it  alters  the  soil  conditions  in  its  immediate 
vicinity  and  in  doing  so  has  important  effects  on  the  microbial  population  on  the  soil 
(Parkinson  1967).  Various  groups  of  soil  micro-organisms  like  bacteria,  fungi, 
actinomycetes,  algae,  protozoa  and  nematodes  are  stimulated  in  the  root  region 
because  of  root  exudates.  In  recent  years  much  work  has  been  done  on  the  interactions 
between  the  plant  roots  and  soil  bacteria  and  fungi.  The  present  investigation  was  taken 
up  to  evaluate  the  rhizosphere  effect  on  different  trophic  groups  of  soil  nematodes  and 
soil  nutrients  like  organic  matter  and  nitrogen  and  their  interactions. 


2.    Materials  and  methods 

This  investigation  was  carried  out  at  the  bottom  of  the  Savanna  type  tropical  hill 
ecosystem  located  in  the  campus  of  Sambalpur  University,  Orissa.  Andropogon  pumilus 
Roxb.  was  the  dominant  grass  species  of  the  study  site.  At  the  commencement  of  rain 
during  mid  June  1981,  the  seedlings  of  various  species  of  grasses  and  non-grasses  grew 
up.  In  order  to  distinguish  the  rhizosphere  and  non-rhizosphere  regions  of  the 
dominant  grass  species,  the  seedlings  of  other  grasses  and  non-grasses  were  removed 
from  the  very  beginning.  Samples  of  rhizosphere  and  non-rliizosphere  soils  were  taken 
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to  study  the  nematode  trophic  groups  and  to  determine  the  percent  total  organic  matter 
and  percent  total  nitrogen  at  monthly  intervals  for  one  year  from  July  1981  to  June 
1982.  Five  plants  were  sampled  at  random.  The  soil  surrounding  the  root  and  the  root 
free  soil  were  collected  up  to  a  depth  of  10  cm  by  a  screw- type  auger. 

To  extract  soil  nematodes  250  cm3  of  soil  was  processed  by  a  combination  of  Cobb's 
decanting  and  sieving  method  (Cobb  1918)  and  the  Baermann  funnel  technique 
(Southey  1970).  Samples  remained  in  the  funnel  for  24  hr.  Late  juvenile  stages  and 
adults  were  only  counted.  The  nematodes  obtained  were  classified  into  four  ecological 
trophic  groups:  (i)  plant  parasitic  forms,  (ii)  microbivores,  (iii)  miscellaneous  feeders 
and  (iv)  predators.  After  counting,  total  number  per  various  trophic  groups/ 1 00  g  dry 
soil  was  calculated.  Percent  organic  matter  and  percent  total  nitrogen  were  determined 
respectively  by  the  muffle  furnace  method  (Paine  1971;  Reiners  and  Reiners  1972)  and 
micro-kjeldhahl  method  (Jackson  1973). 

The  rhizosphere  effect  on  soil  nematodes  was  assessed  by  comparing  the  number  of 
nematodes  in  unit  weight  of  rhizosphere  soil  (R)  with  the  soil  (S)  distant  from  roots — 
thus  giving  the  R/S  value. 


3.    Results 

Seedlings  of  Andropogon  pumilus  Roxb  grew  up  immediately  after  the  commencement 
of  rain  in  mid- June  and  reached  the  flowering  stage  in  November.  There  appeared  a 
gradual  decline  in  the  growth  of  the  grass  after  November.  Due  to  irregular  rains  few 
short  new  branches  appeared  during  February  and  March  but  became  dead  during 
summer  months.  Table  1  shows  the  influence  of  grass  rhizosphere  and  root-free  soil  on 
the  nematode  population.  The  nematode  population  of  the  rhizosphere  increased 
gradually  with  growth  of  the  grass  from  seeding  to  flowering  stage,  reaching  a 
maximum  (375/100  g  dry  soil)  during  November  and  then  gradually  declined  reaching  a 
minimum  (87/100  g  dry  soil)  during  June.  But  this  trend  was  not  discernible  in  the  non- 
rhizosphere  soil  throughout  the  year.  The  R/S  ratio  for  plant  parasites,  miscellaneous 
feeders  and  predators  increased  till  November  and  then  with  the  death  of  the  plant 
gradually  declined.  But  the  R/S  ratio  for  microbivores  gradually  increased  with  the 
growth  of  the  plant  and  was  relatively  more  from  October  to  March  and  then  suddenly 
declined  during  the  summer  months.  Taking  the  total  nematodes  into  consideration  the 
R/S  ratio  reached  a  maximum  (6)  during  the  peak  growth  of  the  grass  in  November  and 
a  minimum  (2)  during  the  death  of  the  grass  in  June. 

The  population  density  of  almost  all  the  trophic  groups  of  nematodes  and  of  total 
number  of  nematodes  of  the  rhizosphere  soil  differed  significantly  from  that  of  the  non- 
rhizosphere  soil  (t  =  6-196,  p  <  0-01). 

Percent  organic  matter  and  percent  total  nitrogen  in  the  rhizosphere  region 
increased  with  the  growth  of  the  plant  and  reached  a  peak  in  December  (3-6  g  %)  and 
November  (0-07  g  %)  respectively  and  then  declined  with  the  death  of  the  grass  (table  2). 
But  this  trend  was  not  observed  in  the  root  free  soil.  Applying  the  t  test,  a  significant 
difference  was  also  observed  in  the  percent  organic  matter  and  percent  total  nitrogen  of 
the  rhizosphere  and  non-rhizosphere  soils  (t  =  7-31 3p  <  0-01  for  percent  organic 
matter  and  t  =  8-995,  p  <  0-01  for  percent  total  nitrogen). 
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4.    Discussion 

4.1     Nematode  density 

The  nematode  density  increased  during  the  rainy  season,  the  growing  phase  of  the 
grass,  reaching  a  maximum  in  November,  the  flowering  stage  of  the  grass.  After  the 
death  of  the  grass  the  nematode  density  declined.  The  decrease  in  the  nematode  density 
after  the  seed  formation  could  possibly  be  attributed  to  reduced  root  secretions  and 
decreased  soil  moisture  levels.  The  aggregation  of  plant  parasitic  forms  in  the 
rhizosphere  region  resulted  due  to  roots  on  which  they  feed.  Microbivores  increased 
from  November  to  March,  an  indication  that  they  depend  upon  the  dead  roots  of  the 
grass  for  their  food  and  helped  in  decomposition.  The  miscellaneous  feeders  and 
predators  were  also  more  in  the  rhizosphere  region  and  this  was  possibly  due  to  the 
presence  of  large  numbers  of  soil  micro-organisms  like  bacteria,  fungi,  actinomycetes, 
algae  and  protozoa  on  which  they  feed  and  predate.  The  microbivores  and  miscel- 
laneous feeders  are  found  in  the  upper  layers  of  the  soil  (Mishra  and  Dash  1981)  and  the 
nematode  biomass  is  more  dependent  on  the  above  ground  biomass  than  the  below 
ground  biomass  (Dash  and  Pradhan  1982).  The  litter  layer  and  the  high  concentration 
of  organic  matter  were  perhaps  the  causes  of  greater  concentration  of  microbivores  and 
miscellaneous  feeders  in  the  rhizosphere. 

The  rhizosphere  effect  on  bacteria  (R/S  values  ranging  from  10  to  20)  was  greater 
than  with  fungi  (Subba  Rao  1977).  The  present  investigation  showed  a  positive 
rhizosphere  effect  with  nematodes  and  at  no  stage  a  negative  R/S  ratio  was  observed. 
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Figure  1.    Relationship  of  nematode  number  with  percent  organic  matter  and  percent  total 
nitrogen. 
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4.2     Nutrients 

Organic  matter  is  a  source  of  nutrients  especially  nitrogen.  The  main  source  of  organic 
matter  in  the  soil  is  the  plant  tissue  and  under  natural  conditions  large  quantities  of  this 
organic  residue  is  supplied  by  the  roots.  In  this  investigation,  the  increase  in  organic 
matter  with  growth  of  the  grass  was  due  to  the  presence  of  roots  in  the  rhizosphere.  The 
percent  total  nitrogen  was  also  more  in  the  rhizosphere  because  of  organic  matter  and 
the  micro-organisms.  Nematode  abundance  is  linked  with  percent  soil  organic  carbon 
(Yeates  1979).  In  this  study  the  nematode  number  showed  a  significant  positive 
correlation  with  the  percent  organic  matter  (r  =  -f  0-73,  n  =  12,  p  <  0-05)  and  with 
the  percent  total  nitrogen  (r  =  +0-90,  n  =  12,  p  <  0-01)  in  the  rhizosphere  region 
(figure  1).  When  the  R/S  ratio  of  percent  organic  matter  and  percent  total  nitrogen  were 
taken  into  account  separately,  it  was  observed  that  R/S  ratio  of  nematode  population 
was  more  dependent  on  the  percent  total  nitrogen  (r  =  +0-92,  n  =  12,  p  <  0-01)  than 
the  percent  organic  matter  (r  =  +0-82,  n  =  12,  p  <0*01).  A  significantly  negative 
correlation  between  the  nematode  population  and  the  C/N  ratio  of  the  rhizosphere 
region  was  observed  (r  =  -  0*68).  The  rhizosphere  effect  on  soil  nematodes,  percent 
organic  matter  and  percent  total  nitrogen  in  this  study  site  was  more  pronounced 
perhaps  due  to  the  poor  soil  characteristic  features. 

Table  2.    Percent  organic  matter,  percent  total  nitrogen  of  the  rhizosphere  and  non- 
rhizosphere  soils  of  the  grass  and  the  R/S  ratio  during  the  study  period. 


Year 
and 
Month 

Percent  organic  matter 

Percent  total  nitrogen 

R 

5 

R/S 

R 

S 

R/S 

1981 

Jul. 

246 

2-23 

1-10 

0-05 

0-03 

1-85 

Aug. 

2-76 

2-35 

1-17 

0-05 

0-03 

2-00 

Sep. 

3-04 

2-35 

1-30 

0-06 

0-02 

2-33 

Oct. 

2-26 

2-49 

1-31 

0-06 

0-02 

3-05 

Nov. 

3-60 

2-39 

1-51 

0-07 

0-02 

3-35 

Dec. 

3-62 

241 

1-50 

0-06 

0-02 

2-95 

1982 

Jan. 

3-32 

2-44 

1-36 

0-06 

0-02 

2-57 

Feb. 

3-30 

2-31 

142 

0-05 

0-02 

241 

Mar. 

.3-09 

2-32 

1-33 

0-05 

0-03 

2-00 

Apr. 

2-97 

2-31 

1-29 

0-04 

0-02 

1-77 

May 

2-89 

2-29 

1-26 

0-04 

0-02 

1-80 

Jun. 

2-81 

2-30 

1-23 

0-03 

0-02 

1-79 

R/S  values  calculated  taking  R  and  S  values  up  to  3  decimals. 


References 

Cobb  N  A  1918  Estimating  the  nema  pupulation  of  the  Soil;  USD  A  Agric.  Technol  Circ.  I 

Dash  M  C  and  Pradhan  G  B  1982  Distribution  and  population  dynamics  of  soil  nematodes  and  their 

relationship  with  primary  production  in  a  tropical  hill  ecosystem  of  Sambalpur,  India  (submitted  to 

Pedobiologia) 


82  G  B  Pradhan  and  M  C  Dash 

Jackson  M  L  1973  Soil  chemical  analysis  (New  Delhi:  Prentice-Hall)  pp.  1-498 

Mishra  C  C  and  Dash  M  C  1981  Distribution  and  population  dynamics  of  nematodes  in  a  rice  field  and 

pasture  in  India;  J.  Nematoi  13  538-543 
Parkinson  D  1967  Soil  micro-organisms  and  plant  roots;  in  Soil  biology  (eds)  A  Burges  and  F  Raw  (London: 

Academic  Press)  pp.  449-473 
Paine  R  T  1971  The  measurement  and  application  of  Caloria  to  ecological  problems;  Rev.  EcoL  Syst.  2 

145-164 
Reiners  W  A  and  Reiners  N  M  1972  Comparison  of  oxygen  bomb  combustion  with  standard  ignition 

techniques  for  determining  total  ash;  Ecology  53  132-136 
Southey  J  F  1970  Laboratory  methods  for  work  with  plant  and  soil  nematodes.  Tech.  Bull.  No.  2  H.M.S.O., 

London 
Subba  Rao  N  S  1977  Soil  micro-organisms  and  plant  growth  (New  Delhi:  Oxford  and  IBH  Publishing  Co) 

pp.  289 
Yeates  G  W  1979  Soil  nematodes  in  terrestial  ecosystems;  J.  NematoL  11  213-229 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  2,  March  1984,  pp.  83-89. 
©  Printed  in  India. 


Maintenance  of  cooperative  life  in  forest  and  urban  rhesus  monkeys 
(Macaca  mulatto) 
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Abstract.  Four  rhesus  groups,  two  forest  and  two  urban,  were  observed  to  collect  data  on 
cooperative  attack,  cooperative  defence  and  assuaging  behaviour.  Adult  females  were 
prominent  as  help  giver  in  forest  as  well  as  urban  area;  however,  cooperative  attack  was  more 
among  the  latter.  During  cooperative  defence,  females  tried  to  escape  from  attacks  of  males 
with  the  cooperation  of  males  and  females.  This  pattern  was  common  in  urban  and  forest 
monkeys.  In  both  areas,  females  assuage  infants  when  they  sought  contact,  needed  reassurance 
or  were  threatened. 

Keywords.    Cooperative  attack;  cooperative  defence;  assuaging  behaviour;  Macaca  mulatta. 


1.  Introduction 

Rhesus  monkeys  live  in  groups,  each  group  having  its  own  home  range.  Members  of  a 
group  seek  help  from  one  another  for  food,  movement,  and  to  attack  and  defend 
themselves  from  predators  (Pirta  1982).  These  exigencies  could  lead  to  the  genesis  of  co- 
operative behaviour  patterns  classified  under  interspecies  and  intraspecies  cooperation, 
cooperative  foraging,  cooperative  movement,  communal  attack  and  communal 
defence.  The  coherence  of  a  group  requires  development  of  strong  interpersonal 
attachments  (Harlow  and  Harlow  1965).  These  affectional  bonds  develop  in  groups  of 
rhesus  monkeys  through  social  grooming,  social  play,  coalition  relations  and  consort 
relations  (Pirta  1983).  The  selfish  interests  of  individual  monkeys,  however,  frequently 
disrupt  day-to-day  life  of  rhesus  group.  To  avoid  this,  rhesus  monkeys  display  some 
behaviours  as  a  result  of  which  peace  prevails  in  group.  Three  classes  of  such  behaviours 
are  described  here. 

2.  Methods 

The  details  of  study  areas,  groups  observed  and  other  information  have  been  given 
elsewhere  (Pirta  1981).  In  brief,  two  forest  groups,  comprising  27  and  38  individuals, 
and  two  urban  (temple)  groups  comprising  68  and  129  individuals,  were  observed  from 
August  1977  to  1978.  The  study  areas  were,  Chakia  Forest  and  temples  (urban)  located 
in  the  Varanasi  district  of  Uttar  Pradesh.  A  total  of  425  and  465  observational  hr  were 
spent  on  the  forest  and  urban  monkeys  respectively.  The  ad  libitum  and  sequence 
sampling  were  employed  to  collect  data.  Three  types  of  behaviours  are  discussed  in  this 
paper,  (i)  Cooperative  attack:  A  joint  attack  by  two  or  more  individuals  on  the 
member(s)  of  the  same  group,  (ii)  Cooperative  defence:  A  joint  defence  by  two  or  more 
individuals  against  the  threats  of  the  same  group  members,  (iii)  Assuaging  behaviour. 
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An  interaction  between  two  or  more  individuals  of  a  group  in  which  one  is  care  solicitor 
and  the  other  (s)  responds  to  it  by  giving  care. 

3.  Observations 

3.1  Cooperative  attack 

During  these  interactions  either  the  attacker  or  the  attackee  was  joined  by  other  group 
member(s),  respectively,  for  enhancing  the  attack  or  for  chasing  away  the  attacker 
(rescuing).  Most  of  the  cooperative  attacks  involved  rescuing  of  attacked  monkey 
(table  1),  and  females  played  a  prominent  role  as  help  givers  (table  2).  In  all,  20  and  168 
episodes  of  cooperative  attack  were  observed  in  forest  and  urban  areas  respectively 
(figure  la). 

A  cooperative  attack  interaction  includes  at  least  three  monkeys:  the  attacker,  the 
attackee  and  the  cooperator.  Sometimes  the  interactions  are  complex  and  might  involve 
a  whole  group. 

3.2  Cooperative  defence 

All  these  interactions  involved  defence  of  an  individual  from  attack  of  one  or  more 
members  of  the  same  group.  The  attacked  monkey  was:  (i)  carried  away  by  the  helping 
monkey,  or  (ii)  given  shelter  by  the  helper  by  allowing  him  to  stand  in  proximity  or 
contact,  or  (lii)  allowed  to  escape  as  the  helper  stood  in  the  way  of  the  attacking 
monkey.  Help  seekers  were  adult  females  and  attackers  were  mainly  adult  males 
(table  3),  however,  help  givers  were  both  adult  males  and  females  (table  4).  A  total  of  33 
and  57  episodes  of  cooperative  defence  were  observed  in  forest  and  urban  areas 
respectively  (figure  Ib). 

3.3  Assuaging  behaviour 

One  monkey  sought  help  of  another  monkey  for  social  contact,  reassurance  and  to 
avoid  threatful  situation.  In  forest  area,  social  contact  keeping  was  the  main  problem, 
whereas,  avoidance  of  social  threat  was  the  main  problem  in  urban  areas  (table  5).  In 
most  of  the  cases  care  solicitors  were  infants  (table  6).  In  all  27  and  106  episodes  were 
analysed  respectively  from  forest  and  urban  groups  (figure  Ic). 

4.  Discussion 

The  social  environment  of  a  group  puts  individuals  in  a  sort  of  competition  with  each 
other.  As  a  result  dominant-submissive  relationship  among  the  members  emerge.  Even 
then  peace  is  not  maintained  in  a  group  because  dominant  individuals  intimidate  the 
submissives.  We  observe,  however,  that  to  check  such  coercion  two  or  more  individuals 
help  each  other  in  attacking,  in  defending  and  by  assuaging.  Mainly  the  fight 
interference  behaviours  (cooperative  attack  and  defence)  play  an  important  role  in 
control  of  aggression  in  groups  of  free  living  macaques  and  baboons.  Some 
investigators  have  reported  fight  interference  by  high  ranking  males  (Bernstein  and 
Sharpe  1966;  Kummer  1967;  Tokuda  and  Jensen  1968;  Van  Hoof  and  De  Waal  1975; 
Oswald  and  Erwin  1976;  Packer  1977)  whereas  others  emphasize  on  females  (Kaplan 
1977;  Kurland  1977;  Massey  1977).  Rowell  (1971)  pointed  out  that  ecological  factors 
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Duration  (min) 

Number  of  monkeys 

Context 

0-1 

1  + 

2-5 

5-10 

10  + 

Total 

1.  To  rescue 

monkeys 

from 

Male 

F 

6(100) 

0 

5(83-3) 

1(16-7) 

0 

6(50) 

U 

53(82-8) 

11(17-2) 

37(57-8) 

23(35-9) 

4(6-3) 

64(62-1) 

Female 

F 

2(66-7) 

1(33-3) 

1(33-3) 

2(66-7) 

0 

3(25) 

U 

25(96-2) 

1(3-8) 

20(76-9) 

5(19-2) 

1(3-9) 

26(25-2) 

Immature 

F 
U 

2(66-7) 
13(100) 

1(33-3) 
0 

2(66-7) 
10(76-9) 

1(33-3) 
3(23-1) 

0 
0 

3(25) 
13(12-6) 

2.  To  avoid 

other  monkeys 

Male 

F 

4(80) 

1(20) 

3(60) 

2(40) 

0 

5(62-5) 

U 

28(82-4) 

6(17-6) 

22(64-7) 

10(29-4) 

2(5-9) 

34(54) 

F 

0 

0 

0 

0 

0 

0 

Female 

U 

20(90-9) 

2(9-1) 

13(59-1) 

9(40-9) 

0 

22(34-9) 

Immature 

F 
U 

3(100) 
7(100) 

0 
0 

2(66-7) 
5(71-4) 

1(33-3) 
2(28-6) 

0 
0 

3(37-5) 
7(11-1) 

F 

0 

0 

0 

0 

0 

0 

3.  Other 

U 

1(50) 

1(50) 

2(100) 

0 

0 

2(100) 

Total 

F 

17(85) 

3(15)     , 

13(65) 

7(35) 

0 

20 

U 

147(87-5) 

21(12-5) 

109(64-9) 

52(31) 

7(4-2) 

168 

Numerical  values  denote  number  of  episodes  and  its  percentage  (in  parenthesis)  for  all  tables. 


Table  2.    Episodes  of  cooperative  attack  in  forest  and  urban  areas:  Signal  giver  and 
cooperator. 


Cooperator 

Signal  giver 

Male 

Female 

Juvenile 

Infant 

Total 

Male 

Forest 
Urban 

0 
12(80) 

0 

8(53-3) 

0 
2(13-3) 

0 
0 

0 
15(8-9) 

Female 

Forest 
Urban 

1(100) 
28(46-7) 

0 

43(71-7) 

0 

15(25) 

0 
6(10) 

1(5) 
60(35-7) 

Juvenile 

Forest 
Urban 

1(9-1) 
11(31-4) 

8(72-7) 
29(82-9) 

5(45-5) 
16(45-7) 

0 
0 

11(55) 
35(20-8) 

Infant 

Forest 
Urban 

3(100) 
5(23-8) 

3(100) 
16(76-2) 

2(66-6) 
5(23-8) 

1(33-3) 
1(4-8) 

3<15) 
21(12-5) 

Unidentified 

Forest 
Urban 

4(80) 
13(35-1) 

3(60) 
19(51-4) 

0 
15(40-5) 

0 
4(10-8) 

5(25) 
37(22) 

Total 

Forest 
Urban 

9(45) 
69(41-1) 

14(70) 
115(68-5) 

7(35) 
53(31-5) 

1(5) 
11(6-5) 

20 
168 
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Forest    1          1          Urban 


rescue      avoid  other 

CONTEXT 


2-5  5-50          10  + 

I  NDi  VIDUALS 


(a) 


escape    from    attack 
CONTEXT 


2-5          5-10          10  + 

INDIVIDUALS 


(b) 


CONTEXT 


(c) 


INDIVIDUALS 


Figure  1.  Context  and  individuals  participating  in  episodes  of  (a)  Cooperative  attack,  (b) 
Cooperative  defence;  MM  =  males,  FF  =  females,  JJ  =  juveniles,  MFJ  =  joint,  (c)  Assuaging 
behaviour;  A  =  contact  seeking,  B  =  reassurance,  C  =  threatful  situation;  the  broken  bars 
indicate  that  the  actual  length  of  the  bars  has  been  reduced. 


probably  bring  differences  in  fight  interference  behaviour.  Her  speculation  is  partially 
supported  in  the  present  study  on  urban  and  forest  macaques,  however,  more 
controlled  observations  are  needed. 

The  twelve  classes  of  cooperative  behaviours  observed  in  urban  and  forest  rhesus 
monkeys  seem  essential  for  genesis,  development  and  maintenance  of  group  (Pirta  1982 
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Table  3.    Episodes  of  cooperative  defence  in  forest  (F)  and  urban  (U)  areas:  Context,  duration 
and  number  of  monkeys. 


Context 
(to  escape 

Duration  (min) 

Number  of  monkeys 

from) 

0-1 

1  + 

2-5 

5-10 

10  + 

Total 

Male 

F 

U 

18(90) 
24(82-8) 

2(10) 
5(17-2) 

3(15) 
4(13-8) 

2(10) 
2(6-9) 

15(75) 
23(79-3) 

20(60-6) 
29(50-9) 

Female 

F 

U 

8(80) 
10(714) 

2(20) 
4(28-6) 

3(30) 
7(50) 

1(10) 
0 

6(60) 
7(50) 

10(30-3) 
14(24-6) 

Juvenile 

F 
U 

3(100) 
5(62-5) 

0 

3(37-5) 

3(100) 

7(87-5) 

0 
0 

0 
1(12-5) 

3(9-1) 
8(14) 

Joint 

F 
U 

0 
3(50) 

0 

3(50) 

0 
0 

0 
1(16-7) 

0 
5(83-3) 

0 
6(10-5) 

Total 

F 

U 

29(87-9) 
.  42(73-7) 

4(12-1) 
15(26-3) 

9(27-3) 
18(31-6) 

3(9-1) 
3(5-3) 

21(63-6) 
36(63-2) 

33 

57 

Table  4.    Episodes  of  cooperative  defence  in  forest  and  urban  areas:  Signal  giver  and 
cooperator. 

Cooperator 


Signal  giver 

Male 

Female 

Juvenile 

Infant 

Total 

Male 

Forest 
Urban 

2(100) 
2(66-7) 

2(100) 
3(100) 

2(100) 
2(66-7) 

0 
0 

2(6-1) 
3(5-3) 

Female 

Forest 
Urban 

12(70-6) 
37(100) 

10(58-8) 
27(73) 

5(29-4) 
20(54-1) 

1(5-9) 
5(13-5) 

17(51-5) 
37(64-9) 

Juvenile 

Forest 
Urban 

5(45-5) 
6(60) 

5(45-5) 
7(70) 

7(63-6) 
4(40) 

0 
0 

11(33-3) 
10(17-5) 

Infant 

Forest 
Urban 

1(33-3) 
4(57-1) 

2(66-7) 
5(71-4) 

0 
3(42-9) 

0 
0 

3(9-1) 
7(12-3) 

Total 

Forest 
Urban 

20(60-6) 
49(86) 

19(57-6) 
42(73-7) 

12(36-4) 
29(50-9) 

1(3) 
5(8-8) 

33 
57 

1983  and  present  study).  These  categories  of  cooperative  behaviour  have  been  defined 
as  altruistic  behaviours  (that  too  in  pure  genetic  terms)  in  current  literature  on  primates. 
At  first,  it  appears  easy  to  explain  the  evolution  of  such  altruistic  behaviours  in  genetical 
terms  by  applying  the  theory  of  kin  selection  (Hamilton  1964).  After  the  analysis  is 
complete,  some  part  of  the  data  is  explained  (altruistic  acts  toward  relatives)  whereas  a 
considerable  part  remain  unexplained  (altruistic  acts  toward  non-relatives).  -Unbiased 
examination  of  models  of  kin  selection  (Williams  1981;  Maynard  Smith  1982;  Michod 
1982;  Richard  and  Schulman  1982),  and  conclusions  drawn  by  other  investigators 
(Kaplan  1978;  Altmann  1979;  Quiatt  1979;  Bekoff  1979;  Boehm  1981;  Wolfe  1981), 
suggest  two  important  points,  (i)  These  so-called  altruistic  behaviours  might  not  be 
examples  of  pure  genetical  altruism,  probably  psychological  altruism  is  also  involved  in 
it.  (ii)  Both  genetic  and  social  selfishness  might  be  associated  with  these  seemingly 
altruistic  behaviours.  Therefore  it  might  not  be  correct  to  treat  such  behaviours  as 
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Table  5.    Episodes  of  assuaging  behaviour  in  forest  and  urban  areas:  Context  and  duration. 

Duration  (min) 


Context 

0-1 

1-5 

5  + 

Total 

Contact  seeking 

Forest 
Urban 

6(33-3) 
11(39-3) 

5(27-8) 
9(32-1) 

7(38-9) 
8(28-6) 

18(66-7) 
28(26-4) 

Reassurances 

Forest 
Urban 

1(33-3) 
5(26-3) 

1(33-3) 
11(57-9) 

1(33-3) 
3(15-8) 

3(11-1) 
19(17-9) 

Threatful  situation 

Forest 
Urban 

3(50) 
51(86-4) 

2(33-3) 
8(13-6) 

1(16-7) 
0 

6(22-2) 
59(55-7) 

Total 

Forest 
Urban 

10(37) 
67(63-2) 

8(29-6) 
28(26-4) 

9(33-4) 
11(10-4) 

27 
106 

Table  6.    Episodes  of  assuaging  behaviour  in  forest  and  urban  areas:  Care  solicitor  and  care 
giver. 


Care  giver 

Care  solicitor 

Male 

Female 

Juvenile 

Infant 

Total 

Male 

Forest 
Urban 

0 
1(100) 

0 
0 

0 
0 

0 
0 

0 
1(0-9) 

Female 

Forest 
Urban 

0 
6(66-7) 

0 
3(33-3) 

0 
0 

1(100) 
0 

1(3-4) 
9(8-5) 

Juvenile 

Forest 
Urban 

0 
7(24-1) 

1(100) 
16(55-2) 

0 
6(20-7) 

0 
0 

1(3-4) 
29(27-4) 

Infant 

Forest 
Urban 

2(8) 
8(11-9) 

21(84) 
50(74-6) 

2(8) 
6(9) 

0 
3(4-5) 

25(92-6) 
67(63-2) 

Total 

Forest 
Urban 

2(7-4) 
22(20-8) 

22(81-9) 
69(65-1) 

2(7-4) 
12(11-3) 

1(3-7) 
3(2-8) 

27 
106 

altruistic.  They  are  rather  instances  of  mutual  aid  or  cooperation  and  should  be 
considered  as  products  of  genetical  and  social  evolutionary  forces  acting  in  the  same 
direction. 
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Histoenzymological  differences  in  the  envelope  of  white  and  stages  of 
rapidly  growing  yellow  follicles  in  the  ovary  of  crow  (Corvus  splendens) 
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Abstract.  Histoenzymological  differences  in  the  localization  and  intensities  of  succinate  and 
lactate  dehydrogenases,  tetrazolium  reductases  and  steroid  dehydrogenases  have  been  studied 
in  the  follicular  envelope  of  white  and  stages  of  yellow  follicles  of  the  crow  ovary.  The  activities 
of  these  enzymes  in  the  thecal  gland  cells  show  a  progressive  increase  during  follicular  growth. 
The  granulosa  layer  of  white  follicle  is  devoid  of  A5-3/?-hydroxysteroid  dehydrogenase  which 
appear  and  show  a  gradual  increase  in  the  rapidly  growing  yellow  follicles  along  with  other 
enzymes. 

Keywords.    Ovarian  follicles;  dehydrogenases;  Corvus  splendens. 

1.  Introduction 

Related  to  the  deposition  of  yolk  and  secretion  of  steroid  hormones  during  rapid 
growth  and  maturation  of  avian  follicle  the  follicular  envelope  undergoes  marked 
morphological,  histochemical  and  biochemical  changes  (Perry  et  al  1978;  Guraya  1978; 
Gilbert  1979).  These  studies  have  been  carried  out  mainly  on  the  chick  ovary.  Our 
knowledge  about  the  histophysiology  of  follicular  envelope  in  seasonally  breeding 
birds  is  very  meagre  as  the  rapidly  growing  vitellogenic  follicles  occur  only  during  the 
reproductive  phase.  However,  Chalana  and  Guraya  (1980)  have  described  morpho- 
logical and  histochemical  changes  in  the  follicle  wall  of  early  growing  follicles  in  the 
crow  ovary.  This  study  was  initiated  to  determine  the  histoenzymoiogical  differences 
related  to  metabolic  and  steroidogenic  features  in  the  follicular  wall  of  white  and 
rapidly  growing  yellow  follicles  in  the  crow  ovary. 

2.  Materials  and  methods 

Female  specimens  of  crow  (Corvus  splendens),  obtained  by  shooting  during  breeding 
months  were  used  for  study  (July-September).  The  fully  developed  ovaries  of  10  birds 
were  immediately  removed  and  the  large  vitellogenic  follicles  of  variable  dimensions 
(table  1)  were  separated  from  the  rest  of  the  ovarian  tissues.  The  follicles  were  then 
immediately  mounted  on  discs  and  placed  under  the  heat  extraction  chamber  of  cryocut 
to  speed  up  the  freezing  process.  Sections  (12-14  jum)  were  cut  in  a  cryostat  at  20°C.  The 
frozen  sections  were  placed  on  coverslips,  thawed  and  kept  at  room  temperature  for 
10-15  min  before  incubation  in  different  media  for  localization  of  NADH  and  NADPH- 
tetrazolium  reductases,  lactate  and  succinate  dehydrogenases  and  A5-3/J- 
hydroxy steroid  dehydrogenase  (table  1).  For  localization  of  these  enzymes,  the 
tetrazolium  salt  procedures  were  followed  (Lojda  et  al  1979).  Simultaneously,  the 
control  sections  were  also  stained  by  omitting  the  substrate  in  each  case. 
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3.  Results 

The  observations  on  the  histochemical  reactions  in  the  wall  of  white  and  rapidly 
growing  follicles  are  summarized  in  table  1. 

3.1  Tetrazolium  reductases 

Both  NADH  and  NADPH-dependent  tetrazolium  reductases  show  similar  sites  of  positive 
reactions  (granulosa  and  thecal  gland  cells)  in  follicles  of  all  stages.  However,  NADPH- 
tetrazolium  reductase  shows  relatively  lesser  activity  (table  1).  The  wall  of  rapidly 
growing  yellow  follicles  shows  increasing  enzyme  activities  as  compared  to  that  of 
white  follicles.  Thecal  gland  cells  in  the  theca  interna  of  stages  1  and  2  follicles  contain 
relatively  more  enzyme  activity  than  the  granulosa  cells  (figures  1,  2).  The  thecal  gland 
cells  in  follicles  of  stages  3  and  4  are  mainly  present  in  the  theca  externa  but  they 
continue  to  show  almost  similar  staining  intensity  for  both  the  tetrazolium  reductases 
as  observed  in  stages  1  and  2  which  is  also  slightly  more  than  the  granulosa  cells.  In 
addition,  a  continuous  zone  staining  intensely  for  these  enzymes  is  observed  in  the  theca 
interna  (figure  3).  The  zone  of  the  theca  interna  present  between  the  intensely  stained 
theca  interna  and  granulosa  layer  shows  weak  to  moderate  reaction  in  early  stages 
(figures  1,  2)  but  the  enzyme  activity  disappears  completely  in  stage  3  follicles.  As 
compared  to  white  follicles,  marked  increase  occurs  in  enzyme  activities  in  the  follicular 
epithelium  of  yellow  follicles  which  show  no  conspicuous  difference  among  stages  1  to  4 
follicles. 

3.2  Lactate  and  succinate  dehydrogenases 

Lactate  and  succinate-dehydrogenase  activities  in  granulosa  and  thecal  gland  ceils  as 
compared  to  white  follicles  (figure  4)  show  a  marked  increase  during  rapid  follicular 
growth  phase  up  to  stage  3.  The  granulosa  cells  show  more  lactate  dehydrogenase 
activity  than  the  thecal  gland  cells  of  stages  1  to  3  but  no  difference  has  been  observed 
for  succinate  dehydrogenase  (table  1).  A  decrease  of  lactate  and  succinate  de- 
hydrogenase activities  is  seen  in  theca  as  well  as  in  granulosa  cells  of  largest  follicle 
(stage  4).  In  stages  3  and  4,  a  zone  of  theca  interna  which  shows  tetrazolium  reductase 
activities  also  reacts  intensely  for  both  these  enzymes  (figure  5). 

3.3  Steroid  dehydrogenases 

Using  pregnenolone  as  substrate,  A5-3/J  hydroxysteroid  dehydrogenase  activity  is 
observed  in  the  granulosa  and  thecal  gland  cells  of  rapidly  growing  follicles  (figure  6).  In 
contrast,  the  granulosa  cells  of  the  white  follicles  do  not  show  enzyme  activity. 

4.  Discussion 

A  comparison  of  the  histochemical  characteristics  of  the  wall  of  white  and  large 
vitellogenic  follicles  has  revealed  conspicuous  changes  in  the  activities  of  NADH-  and 
NADPH-tetrazolium  reductases,  succinate  and  lactate  dehydrogenase  and  A5-3/?~ 
hydroxysteroid  dehydrogenase.  Increased  activity  of  both  the  tetrazolium  reductases  in 
the  granulosa  and  thecal  cells  of  the  rapidly  growing  follicle  indicates  enhanced  rate  of 
reoxidation  of  NADH  and  NADPH  coenzymes  (Lojda  et  al  1979).  The  granulosa  and  thecal 
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TC 


Figures  1-6  ( x  400).  1-3.  Stages  of  follicle  showing  NADH  tetrazolium  reductase  activity  in 
granulosa  cells  (GC)  and  thecal  cells  (TC)  1.  stage  1.  2.  stage  2.  3.  stage  4.  Note  a  continuous 
zone  (arrow)  in  the  theca  interna  having  intense  enzyme  activity.  4.  Section  of  the  large  white 
follicle  showing  succinate  dehydrogenase  activity  in  the  GC.  5.  stage  3  follicle  showing  lactate 
dehydrogenase  activity  in  the  GC  and  TC.  6.  stage  2  follicle  showing  A5-3/?-hydroxysteroid 
dehydrogenase  activity  in  the  GC. 

cells  of  hierarchical  follicles  in  the  chick  ovary  are  the  well  known  sites  of  steroid 
synthesis  and  secretion  (Huang  and  Nalbandov  1979;  Huang  et  al  1979;  Hammond  et  al 
1980).  The  increase  in  tetrazolium  reductases  in  the  wall  of  rapidly  growing  follicles  of 
the  crow  ovary  may  also  be  associated  with  the  increased  rate  of  steroid  biosynthesis 
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during  this  phase  of  growth.  This  is  also  supported  by  the  increased  activity  of  A5-3/J- 
hydroxy steroid  dehydrogenase  in  the  wall  of  rapidly  growing  follicles.  The  wall  of  early 
growing  follicles  in  chick  have  been  found  to  contain  A5-3/?-hydroxysteroid  de- 
hydrogenase activity  (Chieffi  and  Botte  1965;  Boucek  et  al  1966)  but  in  the  crow  follicle, 
especially  in  the  granulosa  cells,  the  enzyme  activity  appears  only  during  rapid  growth 
phase  of  the  follicle,  suggesting  its  increased  steroidogenic  activity.  Although  the  extent 
of  contribution  of  follicles  to  the  plasma  steroid  levels  has  not  been  determined  in  the 
wild  bird  species,  the  present  histochemical  study  has  shown  that  similar  to  chick,  in  the 
rapid  growth  phase,  the  follicles  in  the  crow  ovary  are  also  involved  in  steroid 
biosynthesis. 

In  addition  to  steroidogenesis,  the  follicular  envelope  during  the  rapid  growth  phase 
is  also  involved  actively  in  the  transport  of  yolk  precursors  (Jordanov  and  Boyadjieva 
1974).  The  increase  in  metabolic  enzymes  such  as  during  this  phase  of  the  follicular 
growth  may  be  associated  with  the  increased  rate  of  energy  consumption. 

References 

Boucek  R  J,  Gyori  E  and  Alvarez  R  1966  Steroid  dehydrogenase-reactions  in  developing  chick  adrenal  and 

gonadal  tissues;  Gen.  Comp.  Endocrinol.  1  292-303 
Chieffi  G  and  Botte  V  1965  The  distribution  of  some  enzymes  involved  in  steroidogenesis  of  hen's  ovary; 

Experientia  21  16-17 
Chalana  R  K  and  Guraya  S  S  1980  Morphological  and  histochemical  changes  in  the  follicular  epithelium 

during  follicular  growth  in  the  crow  Corvus  splendens;  Proc.  Indian  Acad.  ScL  (Anim.  Sci.)  89  133-140 
Gilbert  A  B  1979  Female  genital  organs.  In  Form  and  function  in  birds  (eds)  A  S  King  and  J  McLelland  (New 

York:  Academic  Press)  Vol.  1,  pp.  237-360 
Guraya  S  S 1978  Maturation  of  the  follicular  wall  of  nonmammalian  vertebrates.  InThe  vertebrate  ovary  (ed) 

E  Jones  (New  York:  Plenum  Press)  pp.  261-329 
Hammond  R  W,  Olson  D  M,  Frenkel  R  B,  Biellier  H  V  and  Hertelendy  F  1980  Prostaglandins  and  steroid 

hormones  in  plasma  and  ovarian  follicles  during  ovulatory  cycle  of  domestic  hen  (Callus  domesticus);  Gen. 

Comp.  Endocrinol.  42  195-202 
Huang  E  S  and  Nalbandov  A  V 1979  Steroidogenesis  of  chicken  granulosa  and  theca  cells:  In  vitro  incubation 

system;  Biol.  Reprod.  20  442-453 
Huang  E  S,  Koa  K  J  and  Nalbandov  A  V  1979  Synthesis  of  sex  steroid  by  cellular  components  of  chicken 

follicles;  Biol.  Reprod.  20  454-461 
Jordanov  J  and  Boyadjieva  A  1974  Ultrastructural  aspects  of  lipoprotem  passage  through  the  oocyte 

envelopes  and  storage  in  ooplasm  during  avian  vitellopoesis;  Acta  Anat.  89  616-632 
Lojda  Z,  Gossrau  R  and  Schiebler  T  H  1979  Enzyme  histochemistry  (Berlin,  Heidelburg,  New  York,  Springer 

Verlag)  pp.  339 
Perry  M  M,  Gilbert  A  B  and  Evans  A  J  1978  Electron  microscope  observations  on  the  ovarian  follicle  of 

domestic  fowl  during  the  rapid  growth  phase;  J.  Anat.  125  379-392 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  2,  March  1984,  pp.  97-106. 
©  Printed  in  India. 


Natural  history  of  the  Garhwal  himalayan  mahseer  Tor  putitora 
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Abstract.  The  fish  matured  only  after  attaining  an  average  length  of  700  to  770  mm.  The 
period  between  July  to  September  was  established  to  be  its  spawning  season.  Observations  on 
the  Gonado-Somatic  Index  (GSI)  and  relative  condition  factor  confirmed  this  observation.  The 
variation  in  the  sex-ratio  during  the  spawning  season  was  considered  to  be  a  remarkable 
adaptation  towards  low  fecundity.  The  paper  also  comments  on  the  problems  of  the  Garhwal 
Himalayan  mahseer  and  precautionary  methods  awaiting  implementation  in  this  region. 

Keywords.     Breeding;  maturity  size;  spawning  season;  sex-ratio;  Tor  putitora. 


I.    Introduction 

Mahseers  are  well-known  for  the  sport  provided  by  them,  of  which  Tor  putitora  is  found 
exclusively  in  the  Himalayan  region  (Menon  1974).  Earlier,  the  authors  have 
commented  on  the  problems  encountered  by  the  Garhwal  Himalayan  mahseer  and 
have  suggested  ways  of  tackling  them  (Nautiyal  and  Lai  1982).  The  fact  that  the 
Superintendent  of  Dehradun  reported  on  the  state  of  fish  (Mahseer)  conservancy 
during  1871  in  following  terms  (Atkinson  1973):  "Breeding  fishes  are  destroyed  in  great 
numbers  and  the  small  fry  are  also  largely  captured.  The  former  are  taken  on  the 
commencement  of  rains  in  every  conceivable  manner  .  .  . ,"  implied  that  the  mahseers 
were  not  cared  for  by  the  locals.  Atkinson  (1973)  in  his  monumental  work  on  the  British 
Garhwal  has  commented  that  there  was  no  reason  to  believe  that  what  was  written  in 
1871  may  not  be  true  of  1881  and  of-course  of  1980-82.  It  is  a  matter  of  coincidence  that 
similar  reports  are  still  appearing. 

Since  its  major  population  is  exploited  during  the  breeding  season  the  author 
considered  studies  pertaining  to  breeding  and  related  aspects  like  size  at  first  maturity 
spawning  season,  frequency,  fecundity  and  sex-ratio  to  be  essential  in  solving  the 
problems  of  the  Garhwal  Himalayan  mahseer.  In  fact,  the  only  studies  conducted  so  far 
on  this  mahseer  pertain  to  its  spawning  season  and  early  larval  stages  (Thomas  1897; 
Khan  1939;  Ahmad  1948;  Qasim  and  Qayyum  1961;  Bhatnagar  1964;  Sehgal  et  al  1971; 
Desai  1972)  and  fecundity  (Chaturvedi  1976;  Kulkarni  1978;  Pathani  1981;  Nautiyal 
and  Lai  (in  press).  It  is  for  the  first  time  that  the  size  at  first  maturity  and  sex-ratio  of  this 
fish  are  being  discussed.  As  far  as  rehabilitation  measures  are  concerned,  attempts  have 
been  made  in  the  past  to  induce  breed  mahseers  in  captivity  and  Tripathi  (1978)  along 
with  Pathani  and  Das  (1979)  have  successfully  administered  pituitary  hormone 
injections  to  mahseers. 
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2.    Materials  and  methods 

Monthly  samples  of  the  Garhwal  Himalayan  mahseer  were  procured  regularly  for  a 
span  of  two  years  from  the  Alaknanda  (snow-fed)  and  the  Nayar  (spring-fed),  two 
important  tributaries  of  the  Ganga.  The  sampling  spots  i.e.  Srinagar  for  the  Alaknanda 
was  situated  at  latitude  30°  1 1';  longitude  78°  44'  and  Banghat  for  the  Nayar  at  30°  58' 
and  78°  46'  respectively. 

2.1  Size  at  first  maturity 

Percentage  distribution  of  the  various  maturity  stages  in  each  200  mm  size-group  and 
percentage  occurrence  of  the  mature  fish  during  the  spawning  season  were  calculated 
and  the  average  length  recorded.  The  relative  condition  factor  (Kn)  was  also  calculated 
for  different  size  groups  so  as  to  arrive  at  consensus  pertaining  to  the  size  at  first 
maturity. 

2.2  Spawning  season  and  frequency 

They  were  established  by  the  following  methods: 

(i)  Percentage  occurrence  of  the  mature  fishes  during  different  months,  (ii)  The 
presence  of  the  eggs  or  larval  stages  at  particular  time  of  the  year,  (iii)  The 
Gonado-Somatic  Index  (GSI).  (iv)  The  seasonal  cycle  in  Kn  along  with  monthly 
variations  in  the  Kn  values. 

2.3  Sex-ratio 

The  sex-ratio  was  calculated  for  different  size-groups,  months,  maturity  stages,  and 
spawning  seasons.  The  variation  was  recorded  and  its  significance  of  difference  tested 
by  Chi-square  method  (%2). 


3.    Results 

3.1     Size  at  first  maturity 

It  is  evident  from  figure  la  that  in  maturing  individuals  the  Illrd  stage  of  maturity- 
'Ripening'  appears  for  the  first  time  in  the  471-600  mm  size-group.  Since  the  percentage 
of  mature  individuals  in  this  group  was  observed  to  be  very  low  (17  %)  as  compared  to 
33  %  in  the  671-870  range,  the  average  length  i.e.  770-5  mm  of  the  latter  was  considered 
to  be  the  size  at  first  maturity. 

On  the  other  hand,  based  on  the  classification  of  mature  individuals,  the  average 
length  at  first  sexual  maturity  at  50%  level  was  estimated  to  be  700  mm  (figure  Ib). 

The  Kn  values  determined  for  different  length-groups  of  Tor  putitora  (figure  2) 
exhibited  a  peculiar  pattern  of  fluctuation.  The  point  of  inflexion  in  Kn  at  401-520  mm 
range,  (Kn)  value  being  1-02,  was  observed  to  record  a  very  constant  increase  till  it 
achieved  another  peak  in  the  range  of  881-1000  mm,  Kn  value  being  1-185.  It  implied 
that  some  fishes  start  maturing  by  the  time  they  attain  a  length  of  520  mm  and  most  of 
them  mature  till  they  attain  a  length  of  880  mm.  The  average  of  520-880  mm  size-group 
i.e.  700mm  was  thus  determined  to  be  the  average  length  at  first  maturity,  but 
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700-770-5  mm  range  can  be  considered  to  be  one  within  which  all  the  individuals  attain 
first  maturity. 

3.2    Spawning  season  and  frequency 

The  immature  fishes  were  present  almost  throughout  the  year  while  II,  III,  IV  and  V 
stages,  only  during  July,  August  and  September  which  obviously  is  its  spawning  period 
(figure  4). 

All  the  attempts  to  collect  fertilized  eggs  proved  futile  but  the  fingerlings  were 
observed  in  the  mainstream  as  well  as  in  the  deep  pools  (figure  5),  on  the  river  banks, 
during  July-October/November,  obviously  implying  the  monsoon  to  be  the  spawning 
season. 
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Table  1.     Monthly  variations  in  Kn. 

Months  K 


Males  Females 


January 

1-2985 

1-2182 

February 

1-280 

1-3136 

March 

1-1394 

1-1401 

April 

1-2287 

1-3171 

May 

1-7388 

1-7492 

June 

1-4914 

0-9832 

July 

1-9546+ 

1-5998 

August 

1-8519 

1-9384+ 

September 

1-069 

1-4019 

+  Peak. 


The  GSI  was  recorded  to  be  high  during  July  and  August  (figure  3)  and  so  were  the  Kn 
values  during  these  months  (table  1). 

3.3     Sex  ratio 

It  is  quite  evident  from  the  tables  2a-d  that  significant  hibernation  in  sex-ratio  occurs 
both  in  the  Alaknanda  and  Nayar  mahseer.  It  is  noteworthy  that  this  variation  of  1 :7 
occurs  during  the  spawning  season  only,  as  far  as  the  Nayar  is  concerned.  Mahseer  is 
available  in  the  Alaknanda  only  for  3-4  months  during  which  the  variation  in  the  sex- 
ratio  was  estimated  to  be  significant. 


4.    Discussion 

Based  on  the  above  observations  the  females  of  the  Garhwal  Himalayan  mahseer 
matured  sexually  only  after  attaining  an  average  length  of  700  mm.  The  presence  of 
brooders,  larval  stages,  gonado-somatic  index,  the  relative  condition  factor  along  with 
its  seasonal  cycle  (separate  contribution)  enabled  the  author  to  conclude  that  the 
spawning  season  of  the  Garhwal  Himalayan  mahseer  commences  during  July  and 
extends  up  to  September.  Evidently,  the  fish  is  a  'annual  breeder'  in  Garhwal  hillstreams 
as  compared  to,  twice  in  Himachal  waters  (Sehgal  et  al  1971),  thrice  in  Punjab  waters 
(Khan  1939)  and  throughout  the  year  in  Bhakra  reservoir  (Bhatnagar  1964).  Thomas 
(1897)  too  reported  it  to  be  a  prolonged  breeder.  Karamchandani  et  al  (1967),  and  Desai 
(1973)  have  reported  that  the  Narmada  Tor  exhibits  protracted  spawning  in  three  to 
four  bursts  but  as  it  appears  from  the  ova-diameter  frequency  (separate  contribution) 
the  putitor  mahseer  may  spawn  in  two  to  three  bursts,  during  the  spawning  season 
within  an  interval  of  two  to  three  weeks. 

According  to  MacDonald  (1948)  and  David  (1953)  mahseer  ascends  the  rivers  during 
monsoon  implying  that  changes  in  the  abiotic  factors  influence  the  breeding  activity  of 
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the  fish.  Alikunhi  and  Rao  (1951)  considered  flooding  of  rivers  during  monsoon  to 
initiate  some  freshwater  fishes  to  spawn.  David  (1953)  maintains  that  lowering  of  the 
temperature  range  during  cold  months  (22-28°C)  highly  influenced  breeding  of  the 
Mahanadi  mahseer  while  Desai  (1973)  considers  the  range  of  19-9-284°C  to  be 
optimum  for  Narmada  mahseer  Tor  tor.  The  author  also  observed  the  temperature 
range  during  the  spawning  season,  especially  at  the  Nayar  where  the  Garhwal 
Himalayan  mahseer  was  observed  to  spawn,  and  found  the  range  of  21-25°C  to  be 
optimum.  The  flooding  of  summer  haunts  during  monsoon  along  with  the  optimum 
temperature  and  high  values  of  dissolved  oxygen  (8-8 1-1 1-0  ppm)  provide  a  congenial 
atmosphere  for  the  fish  to  lay  its  spawn.  The  change  in  water  temperature  is  obviously 
the  inducing  factor. 

The  spawning  grounds  were  observed  to  be  a  proportionate  mixture  of  gravel, 
sandstones,  implying  the  fish  to  be  a  'lithophir  (Nikolskii  1963).  It  has  been  observed  to 
breed  in  knee  deep  waters  in  a  tributary  of  the  river  Baner  (Sehgal  et  al  1971),  an 
environment  which  is  readily  available  in  the  Nayar  valley. 

Studies  on  the  sex-ratio  have  their  own  significance  for  they  are  helpful  in  detecting 
differential  fishing,  if  any,  in  different  periods  of  the  year  in  the  various  size-groups  and 
thus  the  abundance  of  the  sex  at  a  particular  time  or  throughout  the  year  (Chacko  and 
Ganapati  1949).  The  most  interesting  aspect  was  the  significant  variation  in  sex-ratio 
(1:7),  with  females  predominating  during  the  breeding  season,  as  also  reported  in  the 
coregonials  (Azbelev  and  Lagunov  1958)  and  the  Godavari  Hilsa  (Chacko  and 
Ganapati  1949).  According  to  Koblitskaya  (1961)  such  changes  in  the  sex-ratio  during 
the  spawning  season  are  of  adaptive  significance  from  the  viewpoint  of  low  fecundity. 
The  Garhwal  Himalayan  mahseer  too  exhibits  low  fecundity  (Nautiyal  and  La!  (in 
press))  for  it  possesses  only  6,000  eggs  per  kg  body  weight  as  compared  to  2,61,000  eggs 
per  kg  body  weight  ofCatla  catla  and  the  significant  variations  in  the  sex-ratio  of  the 
Alaknanda  mahseer,  just  prior  to  the  spawning  season  and  the  Nayar  mahseer  during 
the  spawning  season  lends  support  to  Koblitskaya's  (1961)  observation. 

Having  considered  all  the  facts  it  is  apparent  that  the  fish  is  naturally  handicapped  by 
delayed  maturity  for  many  of  them  are  brought  to  market  before  they  can  lay  their 
spawn  and  this  alongwith  unscientific  fishing  during  the  breeding  season  will  lead  to  its 
anticipated  gradual-  depletion.  It  would  be  appropriate  at  this  juncture  to  quote 

Atkinson "I  would,  therefore,  strongly  urge  the  prohibition  of  poaching  and 

introduction  of  a  close  season  for  the  carp  tribe:  in  fact  the  introduction  of  Ross'  Dun 
rules  by  legislative  enactment." 
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Abstract.  A  survey  was  conducted  on  the  incidence  of  diseases,  by  superficial  appearance,  in 
common  fish  species  of  Portonovo  coast.  Approximately  46,484  marine  and  22,150  estuarine 
fishes  were  examined.  Marine  fishes  alone  were  observed  with  fin  rot  and  neoplasm  while 
estuarine  fishes  were  free  from  such  abnormalities.  Fin  rot  was  recorded  among  seventeen 
species  of  marine  fish  and  tumour  in  cat  fish.  Fin  necrosis  accompanied  with  haemorrhage, 
ulceration  and  loss  of  scales  was  consistent  external  sign  of  the  disease.  Species  of  cat  fish, 
grunter,  queen  fish  and  pikes  were  mostly  affected  by  fin  rot  at  high  level  and  the  maximum 
peak  was  recorded  in  April.  Cat  fishes  alone  had  tumour.  More  than  80  %  of  the  tumour 
bearing  specimen  had  fin  necrosis. 

Keywords.    Fin  rot;  neoplasm;  lesion;  cat  fish;  grunter. 


1.    Introduction 

During  the  past  decade,  several  diseases  and  abnormalities  of  infectious  and  non- 
infectious  nature  were  reported  from  marine  fishes  (Sindermann  1979).  Infectious 
diseases  caused  by  pathogenic  organisms  and  non-infectious  diseases  such  as 
environmentally  induced  skeletal  anomalies,  genetic  abnormalities,  physiological 
malfunctions  caused  by  chemical  factors,  metabolic  disorders  resulting  from  nu- 
tritional deficiencies,  many  forms  of  neoplasa,  and  host  of  others  resulted  high 
mortality  (Sindermann  1958;  Sparks  1972;  Kawatsu  et  al  1977).  In  many  instances,  it 
was  probably  the  combination  of  pathogen,  environment  and  host  population.  The 
purpose  of  the  present  paper  is  to  document  the  incidence  of  the  disease  prevalence 
among  marine  fishes  at  Portonovo  coast,  India. 


2.    Material  and  methods 

Occurrence  of  disease  in  fish  reported  presently  were  based  on  examination  of  the 
superficial  appearance,  of  commercial  pound  catch  samples  at  Portonovo,  Southeast 
coast  of  India.  Observations  were  carried  out  all  the  days  and  monthly  average  data  are 
presented.  Our  effort  was  concentrated  on  chiefly  affected  fishes.  We  also  made 
occasional  collections  in  the  fishing  area.  Trawlers  and  country  boats  with  gill  net  and 
purse  seine  were  mainly  operated.  Fishing  activity  extended  50  km  north  and  50  km 
south  of  Portonovo  and  20  to  30  km  into  the  Bay  of  Bengal. 
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The  common  and  scientific  names  mentioned  in  the  text  were  those  recommended  by 
Munro  (1955). 

3.    Results 

3.1  Distribution  of  diseased  fish  population 

Totally  46,484  marine  fishes  and  22,150  estuarine  fishes  were  examined  during  August, 
1973  and  July,  1974.  Sharks,  rays  and  bony  fishes  were  examined  for  symptom  of 
diseases  and  species  of  fish  contacted  one  of  the  disease  were  encountered. 
Approximately,  2-18%  of  the  marine  specimen  were  affected  with  external  disease 
symptom  including  fin  rot  and  tumour.  Neoplasm  was  observed  in  species  of  cat  fish 
Tachysurus  maculatus  which  accounted  0-53%  of  the  total  number  of  T.  maculatus. 
Among  fishes  from  estuarine  habitat,  none  was  observed  with  the  above  symptoms. 

3.2  Fin  rot  disease 

The  prevalence  of  fin  rot  disease  (figure  1 )  in  marine  fishes  (table  1 )  was  2-18  %.  In  46,484 
marine  fishes  examined,  1015  were  diseased  and  seventeen  species  offish  showed  the 
evidence  of  this  condition.  More  than  65  %  of  the  affected  species  belonged  to  the 
families  of  cat  fish  (Aridae),  of  grunter  (Pomadasydae),  of  pike  (Sphyraenidae)  and  of 
queen  fish  (Carangidae).  Species  of  genera  Pomadasys  showed  the  maximum  (23-72  %) 
prevalence  of  the  disease  followed  by  Sphyraena  (19-05%),  Tachysurus  (16-96%)  and 
Chorinemus  (7-66%).  The  least  (0-05%)  affected  fish  was  Nemipterus  japonicus. 

Monthly  incidence  of  this  disease  is  presented  in  figure  2.  Maximum  (7-14%) 
incidence  was  recorded  in  April  and  minimum  (0-52%)  during  January.  High 
prevalence  (12-51%)  of  fin  rot  was  observed  in  summer  (April-June)  while  in 
postmonsoon  (Jan.-March)  low  percentage  (4-32  %)  was  found.  For  several  species 
with  fin  rot  a  different  distributional  pattern  was  observed  but  maximum  incidence  was 
recorded  in  April  for  most  of  the  species. 

3.3  Tumour  in  cat-fish 

Among  marine  fish,  cat  fish  (Tachysurus  maculatus)  was  the  only  species  containing 
tumour  (figure  3).  The  tumour  bodies  varied  in  size  and  shape,  ranging  from  round 
nodules  (1  to  45  mm  dia.)  to  irregularly  patched  (180  mm  L.).  The  caudal  and  dorsal  fins 
were  the  most  commonly  affected  region.  Few  were  found  on  the  rostrum  and  in  one 
specimen  it  was  seen  on  the  barbel.  Tumour  bodies  occurred  in  single  or  in  multiple 
groups  in  different  sizes  and  varied  in  colour  (pinkish,  red,  grey,  brown  or  black). 

Tumour  in  cat  fish  was  encountered  in  larger  individuals  (382  to  580mm  TL)  and 
none  of  the  younger  ones  were  affected  with  neoplasm.  Of  the  2,852  cat-fishes 
examined,  the  overall  prevalence  of  the  disease  was  recorded  in  15  (0-53  %)  specimen 
(table  2).  Maximum  number  (7)  of  specimen  with  tumorous  bodies  were  observed  in 
October  followed  by  (5)  in  November.  High  (2-38  %)  incidence  was  recorded  in  June 
and  minimum  (0-23  %)  in  December.  More  than  85  %  of  the  tumour  bearing  fishes  were 
attacked  by  fin  rot  disease  also.  The  tumour  bearing  cat  fishes  could  be  collected  only  in 
five  months  (October,  November,  December,  March  and  June)  during  the  period  of 
study. 
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Table  1.    Species  offish  showing  fin  rot  disease  during  the  survey  from  August  1973  through  July  1974. 

Number 


Total 
Species  Common  name  examined     Diseased     Percentage 


Clupeidae 

Tenualosa  sinensis  (Linnaeus) 

Chinese  herring 

2096 

24 

1-15 

Chirocentridae 

Chirac  entrus  dorab  (Forskal) 

Wolf  herring 

582 

12 

2-06 

Synodontidae 

Saurida  tumbil  (Bloch) 

Lizard  fish 

9777 

63 

0-62 

Aridae  (Tachysuridae) 

Tachysurus  maculatus  (Thunberg) 

Cat  fish 

2852 

209 

7-33 

Tachysurus  jella  (Day) 

Cat  fish 

436 

42 

9-63 

M  uraenesocidae 

Muraenesox  cinereus  (Forskal) 

Silver  conger  eel 

530 

14 

2-64 

Psettodidae 

Psettodes  erumei  (Bloch) 

Indian  halibut 

789 

12 

1-52 

Carangidae 

Chorinemus  sp- 

Queen  fish  (leather  skin) 

274 

21 

7:66 

Nernipteridae 

Nemipterus  japonicus  (Bloch) 

Thread  fin  bream 

8692 

4 

0-05 

Leiognathidae 

Leiongnathus  equulus  (Forskal) 

Pony  fish 

7549 

69 

0-91 

Secutor  ruconius  (Hamilton-Buchanan) 

Pony  fish 

2601 

10 

H.0-38 

Pomadasyidae 

Pomadasys  maculatus  (Bloch) 

Spotted  grunter 

2414 

233 

9-65 

Pomadasys  hast  a  (Bloch) 

Lined  silver  grunter 

1457 

205 

14-07 

Sciaenidae 

Sciaena  dussumieri  (Valenciennes) 

Jew  fish 

1963 

9 

0-46 

Stromaeidae 

Parastromateus  niger  (Bloch) 

Brown  pomfret 

3593 

36 

1-00 

Scomberomoridae 

Cybium  commersonii  (Lacepede) 

Spanish  mackeral 

858 

48 

5-59 

Sphyraenidae 

Sphyraena  sp* 

Sea  pike 

21 

4 

19-05 

Total 

46484 

1015 

2-18 

4.    Discussion 

Epizootics  of  fin  rot  were  observed  among  marine  fishes  in  Portonovo  coast  and  mass 
mortalities  attributable  to  this  disease  were  not  evident.  However  frequent  occurrence 
in  trawls  and  gill  net,  with  necrotic  fins  and  tumour,  is  evidenced  and  that  the  diseases 
can  be  fatal  in  the  environment.  The  consistent  and  most  striking  feature  of  the  disease 
in  all  specimen  was  necrosis  of  one  or  more  fins.  As  necrosis  advanced,  it  resulted  in 
fraying  of  fin  edges,  haemorrhage,  separation  of  rays,  gaps  in  the  fins  and  complete  fin 
necrosis.  Some  fish  lacked  scales  or  had  loosened  scales  over  large  area  of  the  body,  and 
in  some  fishes  skin  erosion.  In  diseased  specimen,  low  number  of  parasites  were 
encountered.  These  fishes  lose  their  ability  of  swimming  and  were  easily  attacked  by 
predators. 


(Animal  Sci.)—  3 
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Figure  1.    Fin  rot  disease  a.  Pomadasys  hasta  b.  Sciaena  dussumieri  c.  Caudal  fin  < 
Tachysurus  maculatus. 

From  the  data  presented  here,  it  could  be  inferred  that  17  species  of  marine  fish  fror 
14  families  showed  fin  necrosis.  The  level  of  diseased  fish  encountered  in  Portonov 
coastal  water  is  2-18  %  which  accounts  very  low.  Surveys  for  diseased  marine  fish  hav 
documented  high  prevalence  of  fin  rot  ( <  38  %)  in  22  species  of  marine  and  euryhalin 
species  offish  in  New  York  Bight  (Mahoney  et  al  1973),  nearly  half  of  the  72  species  c 
Palos  Verdes  Peninsula  (SCCWRP  1973)  and  approximately  5  %  of  the  total  fish  and  3 
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Figure  2.    Prevalence  of  marine  fish  with  fin  rot. 

species  from  California  coastal  water  (Mearns  and  Sherwood  1977).  Although 
prevalence  of  fin  rot  disease  in  this  tropical  water  is  high  in  food  fish  like  Pomadasys 
spp.,  Sphyraena  sp.,  Cybium  spp.,  Chorinemus  spp.  and  Tachysurus  spp.  the  fishes  may 
not  have  contacted  the  disease  there.  The  disease  may  have  been  contacted  elsewhere 
and  the  elevated  prevalence  in  the  area  sampled  merely  reflects  the  movement  of  the  fish 
into  the  survey  area.  Therefore,  disease  survey  alone  cannot  establish  the  specific  area 
where  the  disease  is  contacted.  The  monthly  assessment  of  fin  rot  showed  the  maximum 
in  summer  which  could  be  possible  due  to  elevated  temperature  and  this  would  enhance 
microbial  participation  in  diseased  pathogenesis  (Murchelano  and  Ziskowski  1976).  It 
is  interesting  to  note  that  the  fishes  examined  in  the  estuarine  environment  were  free  of 
fin  necrosis  which  was  not  so  in  New  York  Bight  (Mahoney  et  al  1973). 

Tumour  like  growth  were  seen  throughout  the  body  surface  and  the  size  varied  from 
small  pin  head  to  large  rounded  body  with  irregular  shape.  They  were  single  or 
multiple.  Some  are  covered  by  a  slightly  thickened  hyper-plastic  layer  of  epidermal  cells 
without  any  oscification  in  the  centre,  few  are  hard  at  the  centre  covered  by  thick  packed 
cells  and  some  are  attached  firmly  to  the  bones.  In  the  present  investigation  cat  fishes 
alone  had  tumour  bodies.  Similar  findings  on  the  occurrence  of  tumour  on  the  head  and 
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Table  2.    Prevalence  of  tumour  in  marine  cat  fish  T.  maculatus  from  August,  1973  to  July, 
1974. 

Month  Total  Diseased       Percentage 


August,  1973 

512 

— 

— 

September 

345 

— 

— 

October 

539 

7 

1.30 

November 

304 

5 

1.64 

December 

443 

1 

0.23 

January,  1974 

211 

— 

— 

February 

18 

— 

— 

March 

240 

1 

0.42 

April 

82 

— 

__ 

May 

38 

— 

— 

June 

42 

1 

2.38 

July 

12 

— 

— 

Total  2852  15  0.53 

mouth  of  channel  cat  fish  and  osteochondroma  and  osteoma  in  marine  cat  fish  have 
been  reported  (Harsberger  1972;  Selvaraj  et  al  1973;  Lakshmanaperuinalsainy  et  al 
1976).  Many  of  the  earlier  reports  showed  prevalence  of  tumour ous  sole  fish  and  starry 
flounder  (15-70%)  (Halstead  1971;  McArn  and  Wellings  1971;  Stich  and  Acton  1976; 
Stich  et  al  1 977).  All  the  fishes  with  tumour  encountered  here  were  fully  grown  specimen 
(382  to  500  mm  TL)  while  young  ones  were  free.  However,  occurrence  of  epidermal 
papillomas  in  smaller  pleuronectides  (60-1 20  mm)  were  reported  (Mearns  and 
Sherwood  1977).  The  knowledge  on  the  significance  of  external  tumour  in  fish  is  an 
open  question.  Tumour  on  fin  will  definitely  hinder  the  normal  movement  of  the  fish. 
The  present  report  claims  that  there  is  a  possibility  of  one  species  being  more 
susceptible  to  tumour  which  may  be  associated  with  genetic  indisposition  in  this 
species. 

It  is  suggested  that  lesions  were  induced  by  polluted  water  and  municipal  wastes 
(Stich  et  al  1976),  industrial  contaminants  and  chemical  carcinogens  (Wellings  et  al 
1977),  external  parasites  and  virus  like  particles  (Roberts  1978).  Much  of  the  evidence 
associating  certain  neoplasms  offish  and  shellfish  with  pollutants  should  be  considered 
as  circumstantial  but  provocative  (Rentchnick  1976).  Many  of  the  neoplasa  reported 
were  from  bottom  feeding  fishes.  Pollutants  could  be  concentrated  in  surface  layer  of 
bottom  sediments  and  thus  could  be  readily  available  to  animals  inhabiting  that  zone. 
But  a  relationship  of  high  frequencies  of  such  neoplasms  with  coastal  pollution  is 
uncertain  (Mearns  and  Sherwood  1977;  Sindermann  1979). 

It  could  be  attributed  from  the  results  that  the  aetiological  agents  of  the  epizootic 
were  widely  abundant  in  the  affected  area  since  the  disease  appeared  throughout  the 
period  of  study  and  attacked  not  just  one  or  two  species  but  many  with  widely  differing 
habitats  and  habits  i.e.  bottom  dwellers  and  surface  swimmers,  predators  and 
planktonic  feeders,  migratory  and  non  migratory  species.  It  seems  likely  that  the 
generalised  disease  sign  may  be  characteristic  of  the  fish  resident  in  degraded  habitat 
where  environmental  stress  of  toxic  chemicals,  low  dissolved  oxygen  and  high  microbial 
population  exists  (Sindermann  1979).  The  extent  and  the  nature  of  this  external 
manifestations  are  probably  variable  with  resistance  of  the  particular  species  and  the 
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extent  and  nature  of  the  environmental  degradation.  Determination  of  specific  etiology 
of  these  diseases  is  still  warranted. 
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Adaptation  to  thermal  stress  in  the  freshwater  eurythermal  teleost 
Sarotherodon  mossambicus:  Lactate  dehydrogeease  activity 
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Abstract.  LDH  activity  decreased  in  the  osmoregulatory  organs  and  increased  in  the  non- 
osmoregulatory  organs  from  the  small  and  large  individuals  of  S.  mossambicus  on  adaptation 
to  both  cold  and  warm  temperatures,  relative  to  normals  at  room  temperature.  In  any  size 
group,  the  activity  was  generally  higher  in  the  brain  and  white  muscle,  lower  in  the  gill  and 
intermediate  in  the  liver,  red  muscle,  kidney  and  intestine.  The  enzyme  activity  was  size- 
dependent,  irrespective  of  adaptation  temperature  it  was  higher  in  the  organs  from  the  large 
individuals  than  in  those  from  the  small  ones.  However,  the  variations  in  the  %  LDH  activity  in 
the  organs  between  the  small  and  large  individuals  were  very  slight  in  magnitude  and 
inconsistent  in  direction.  The  metabolic  efficiency  to  adapt  to  thermal  stress  decreases  with 
size. 

Keywords.  Thermal-adaptation;  Sarotherodon  mossambicus;  lactate  dehydrogenase  activity; 
osmoregulatory  organs;  non-osmoregulatory  organs. 


1.  Introduction 

There  are  several  studies  on  lactate  dehydrogenase  activity  (LDH)  in  fish  and  other  non- 
piscine  poikilotherms  adapted  to  thermal  stress  (Hazel  and  Prosser  1974;  Tsukuda  and 
Ohsawa  1974;  Mary  et  al  1976;  Tsugawa  1976).  However,  most  of  these  studies  were 
confined  to  its  isozyme  patterns,  rather  than  its  activity  per  se.  Hence  this  glycolytic 
enzyme  has  been  studied  in  different  organs  of  S.  mossambicus  adapted  to  cold  and 
warm  temperatures  to  assess  the  degree  and  direction  of  its  adaptation  to  thermal  stress 
in  these  organs.  In  view  of  the  importance  of  osmoregulation  in  adapting  to  thermal 
stress  (Umminger  1975;  Catlett  and  Millich  1976)  the  organs  selected  included  both  the 
osmoregulatory  (gill,  kidney  and  intestine)  and  non-osmoregulatory  (brain,  liver,  red 
muscle  and  white  muscle)  ones.  In  as  much  as  abilities  to  adapt  to  thermal  stress  in  fish 
are  size-dependent  (Parvatheswararao  1977)  this  study  was  carried  out  on  the  animals 
of  two  size  groups  to  assume  the  influence  of  size  on  the  enzyme  adaptation  to  thermal 
stress. 

2.  Materials  and  methods 

The  collection,  maintenance  and  adaptation-time  of  the  fish  were  as  described  earlier 
(Radhakrishnaiah  and  Parvatheswararao  1981).  The  fish  were  divided  into  two  size- 
groups,  small  (10  g  ±  2  g)  and  large  (50  g  ±  2  g),  and  were  adapted  separately  to  cold 
(20°C  ±  0-5°C)  and  warm  (35°C  ±  0-5°C)  temperatures,  while  those  maintained  at 
room  temperature  (27-5°C  +  0-5°C)  alongside  served  as  controls.  On  completion  of 
adaptation,  the  gill,  kidney,  a  part  of  the  intestine,  brain,  liver,  some  red  muscle  from  the 
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lateral  line  region  and  some  white  muscle  from  the  anterodorsolateral  region  of  the 
trunk  were  dissected  out  from  each  fish  in  a  sterilised  cold  room  at  15°C  The  LDH 
activity  was  estimated  in  the  cytosolic  fraction  of  these  organs  using  the  colorimetric 
method  of  Srikantan  and  Krishnamoorthy  (1955)  as  modified  by  Govindappa  and 
Swami  (1965).  Protein  content  was  estimated  by  using  folinphenol  reagent  method 
(Lowry  et  al  1951)  and  the  enzyme  activity  was  expressed  as  /xg  formozan/mg 
protein/hr. 

3.    Results 

3.1     Inter-organ  differences 

LDH  activity  in  the  different  organs  of  5.  mossambicus  varied  to  different  degrees  on 
adaptation  to  thermal  stress  and  these  variations  were  in  opposite  directions  in  the 
osmoregulatory  and  non-osmoregulatory  organs.  Thus,  relative  to  normals  at  room 
temperature,  on  adaptation  to  both  cold  and  warm  temperatures,  the  activity  decreased 
significantly  (P  <  0*002)  in  the  ormoregulatory  organs  whereas  a  significant 
(P  <  0-002)  increase  was  observed  in  the  non-osmoregulatory  organs  (figure  1A). 
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Figure  1.    A.  LDH  activity  (/*g  formozan/mg  protein/hr)  in  the  different  organs  from  the 

small  (• •)  and  large  (o o)  individuals  of  5.  mossambicus  adapted  to  cold, 

normal  and  warm  temperatures.  Each  point  is  a  mean  of  six  estimations  and  vertical  bars 
indicate  standard  deviations.  B.  LDH  activity  in  the  different  organs  studied  from  the  small 

(• •)  and  large  (o o)  individuals  of  S.  mossambicus  adapted  to  cold  and  warm 

temperatures  expressed  as  %  of  its  normal  activity  at  room  temperature,  which  is  fixed  at  100. 
(Crcold  (20°C);  N: normal  (27-5°C);  W:warm  (35°Q) 
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Further,  irrespective  of  the  size,  the  enzyme  activity  was  maximal  in  the  brain  and  white 
muscle,  minimal  in  the  gill,  and  intermediate  in  the  liver,  red  muscle,  kidney  and 
intestine  in  the  sequence  indicated.  However,  there  was  not  much  significant  difference 
either  in  the  enzyme  activity  or  its  cold-  and  warm-induced  shifts  between  the  brain, 
white  muscle  and  liver  as  well  as  between  the  kidney  and  intestine. 


3.2    Influence  of  body-size 

The  LDH  activity  was  size-dependent,  irrespective  of  adaptation  temperature,  being 
significantly  (P  <  0-002)  higher  in  the  organs  from  the  large  individuals  of  the  fish  than 
in  those  from  the  small  ones  (figure  1  A).  Further,  the  variations  in  the  %  LDH  activity 
(the  activity  at  cold-  and  warm-adapted  temperatures  was  converted  as  %  of  its  normal 
activity  at  room  temperature,  which  is  fixed  100)  in  the  organs  between  the  small  and 
large  individuals  were  also  compared  (figure  IB).  These  variations  were  slight  in 
magnitude  and  inconsistent  in  direction.  However,  generally  the  %  LDH  activity  was 
higher  in  most  of  the  organs  from  the  small  individuals  of  the  fish  than  in  those  from  the 
large  ones. 


4.  Discussion 

At  enhanced  temperatures  the  anaerobic  metabolism  through  glycolysis  increases  in 
fish  (Somero  1973)  and  this  appears  to  hold  good  in  the  non-osmoregulatory  organs  of 

5.  mossambicus  in  which  the  LDH  activity  increased  on  warm-adaptation.  Further,  there 
is  a  suggestion  that  in  fish,  when  adequate  quantity  of  substrate  to  the  organ  is  not 
provided  either  through  the  protein  or  lipid  metabolism,  stepping  up  of  glycolysis  even 
under  decreased  temperatures  may  be  considered  adaptive  (Hazel  and  Prosser  1974). 
Perhaps,  this  may  be  the  reason  for  the  increased  LDH  activity  in  the  non- 
osmoregulatory  organs  of  S.  mossambicus  adapted  to  cold. 

In  fish,  osmo-  and  iono-regulations  play  a  vital  role  during  thermal-adaptation 
(Umminger  1975;  Catlett  and  Millich  1976)  and  this  requires  a  considerable  amount  of 
energy  to  the  osmoregulatory  organs,  the  gill,  kidney  and  intestine.  So,  with  the 
evidence  of  the  pronounced  increase  in  the  oxidative  metabolism  in  these  organs 
(Radhakrishnaiah  1983),  the  decreased  LDH  activity  presently  observed  suggests  that 
these  organs  may  depend  to  a  greater  extent  on  energetically  more  efficient  oxidative 
metabolism  to  meet  their  higher  energy  demands  during  thermal  stress  and  as  such,  the 
decrease  in  the  energetically  less  efficient  glycolysis  is  possible.  Further,  it  is  known  that 
the  metabolic  rate  and  hence  energy  expenditure  increases  in  poikilotherms  like 
S.  mossambicus  on  adaptation  to  both  cold  and  warm  temperatures  (Anantakrishnan 
and  Kutty  1974).  Thus  the  increase  in  LDH  activity  in  the  non-osmoregulatory  organs 
indicates  that  these  organs  may  be  relying  more  on  glycolysis  to  meet  their  enhanced 
energy  demands  during  thermal-adaptation. 

Glycolysis  and  glycolytic  enzymes  are  much  more  pronounced  in  the  white  muscle  of 
fish  than  in  the  other  organs  (Mac  Leod  1960;  Hazel  and  Prosser  1974),  and  the 
maximal  LDH  activity  in  the  white  muscle  is  in  agreement  with  this  generalisation. 
Except  the  suggestion  that  the  white  muscle  is  concerned  to  improve  its  tension- 
temperature  relation  (Brown  1957),  there  is  no  information  about  the  role(s)  of  this 
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effector  organ  during  thermal-adaptation  of  fish.  However,  what  little  role  it  plays 
involves  some  energy  expenditure  which  perhaps  is  mostly  met  by  stepping  up 
glycolysis.  This  is  also  evident  from  the  increased  LDH  isozyme  patterns  in  this  organ  of 
some  fish  during  thermal  stress  (Somero  1973;  Bolaffi  and  Booke  1974).  The  much 
lesser  LDH  activity  in  the  red  muscle  than  that  in  the  white  muscle,  as  observed  in  the 
atlantic  hagfish,  Myxine  glutinosa  (Mellgren  and  Mathisen  1966)  coincides  with  the 
suggestion  that  the  red  muscle  in  fish,  unlike  the  white  muscle,  is  predominently 
oxidative  in  its  metabolic  activity  (George  1962).  However,  being  involved  in  many 
functions  during  thermal-adaptation  such  as,  slow  long-lasting  contractions,  supply  of 
energy  compounds  to  the  white  muscle  and  even  thermoregulation,  the  glycolysis  in  the 
red  muscle  may  also  be  involved  to  some  extent  for  the  supply  of  the  energy 
compounds.  The  brain  is  known  to  play  a  very  important  role  in  integrating  the  various 
physiological  processes  involved  in  thermal-adaptation  (Lagerspetz  1974).  Hence  to 
meet  its  high  energy  requirement  during  thermal-adaptation  the  glycolysis  may  be 
stepped  up  as  indicated  by  the  increased  LDH  activity  in  addition  to  the  stepping  up  of 
oxidative  metabolism  (Radhakrishnaiah  1983).  Reports  on  the  increased  lactate 
oxidation  and  LDH  isozymes  in  the  liver  of  fishes  during  thermal  stress  (Hochachka 
1969;  Tsukuda  and  Ohsawa  1974;  Tsugawa  1976)  reflect  the  increase  in  glycolytic 
activity  as  well  as  lactate  cycle  for  which  liver  is  known  to  be  the  centre.  Possibly  even  in 
5.  mossambicus  the  increased  LDH  activity  in  the  liver  on  adaptation  to  thermal  stress 
indicates  enhanced  activity  of  glycolysis  and/or  lactate  cycle,  hence  enhanced  metabolic 
energy  production. 

Metabolic  rate  in  animals  is  known  to  be  size-dependent,  being  higher  in  the  smaller 
individuals  than  in  the  larger  ones  (cf:  Parvatheswararao  1977).  Recent  studies  indicate 
that  such  direction  in  the  size-metabolism  relation  is  applicable  to  oxidative  metabo- 
lism but  not  to  glycolysis,  though  this  is  also  size-dependent,  has  a  diametrically  opposite 
direction,  being  higher  in  the  large  individuals  than  in  the  small  ones  (Bashamohideen 
and  Parvatheswararao  1976).  Accordingly,  at  any  temperature  of  adaptation,  a  higher 
LDH  activity  was  observed  in  the  organs  from  the  large  individuals  of  S.  mossambicus 
than  in  those  from  the  small  individuals.  It  indicates  that  with  the  increase  in  body  size 
of  the  fish,  probably,  the  efficiency  of  oxidative  metabolism  decreases  and  that  of 
glycolysis  increases  and  thus  the  overall  metabolic  efficiency  will  be  higher  in  the  small 
individuals  of  the  fish  than  in  the  large  ones.  Further,  the  more  utilisation  of 
energetically  less  efficient  glycolysis  by  the  small  individuals  of  S.  mossambicus,  as 
evident  by  the  higher  %  LDH  activity  in  most  of  the  organs,  than  the  large  individuals 
along  with  the  lesser  utilisation  of  energetically  more  efficient  oxidative  metabolism 
(Radhakrishnaiah  1983)  indicates  that  probably  the  small  individuals  expend  lesser 
energy  to  adapt  to  the  imposed  thermal  stress  than  the  large  ones.  These  results  thus 
coincide  with  the  generalisation  that  the  gfoss  efficiency  of  the  fish  in  stress  media  tends 
to  decrease  with  increasing  size  and  decreasing  metabolic  rate  (Kinne  1964). 
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Abstract.    The  effect  of  hashish  plus  cigarette  smoke  on  normal  rats  and  rats  undergoing 
psychological  trauma  was  studied. 

Keywords.    Cannabis  hemp  (hashish);  psychological  stress. 


1.  Introduction 

Effect  of  cigarette  smoking  on  glycemia  was  investigated  by  Bornemisza  and  Scicin 
(1980)  in  diabetic  patients,  normal  controls  and  in  smokers.  They  found  an  increase  of 
glycemia  following  smoking  in  all  the  subjects  but  the  effect  was  more  pronounced  in 
the  group  of  diabetics.  It  was  assumed  that  the  increase  of  glycemia  after  smoking  was 
due  to  the  mobilization  of  catecholamine  and  stimulation  of  5-hydroxytryptamine  and 
cortisol  production.  An  investigation  by  Steer  et  al  (1980)  revealed  the  correlates  of  self- 
reported  and  clinically-assessed  depression  in  male  heroin  addicts.  Similarly,  Marcovitz 
and  Mayers  (1969)  observed  an  extremely  poor  and  irregular  work  record  in  marijuana 
users  while  Wilson  and  Linkon  (1968)  showed  the  impair  of  intellectual  and  social 
performance  in  cannabis  users  particularly  among  students.  In  spite  of  ample 
documentary  data  available  on  the  effect  of  cigarette  and  nicotine  smoking,  there  is  a 
lack  of  information  on  the  use  of  cannabis  hemp  (hashish)  smoking  in  combination 
with  cigarette  on  normal  and  the  rats  undergoing  psychological  trauma.  Thus,  this 
study  was  undertaken  to  investigate  the  levels  of  protein  and  nucleic  acids  (DNA  and 
RNA)  in  the  brain;  cholesterol  and  alkaline  phosphatase  contents  in  testes,  5-hydroxy 
indol  acetic  acid  (5-HiAA)  and  3-methoxy,  4-hydroxy  mandelic  acid  (vinyl  mandelic  acid, 
VMA)  concentrations  in  the  urine.  It  was  also  apt  at  studying  the  changes  made  by  testes 
either  in  normal  or  rats  subjected  to  psychological  stress  in  response  to  inhalation  of 
hashish  plus  cigarette  fumes. 

2.  Materials  and  methods 

One  hundred  and  twenty  healthy  adult  male  albino  rats  of  Holtzman  strain  (100  to 
120  g)  were  maintained  on  a  supply  of  standard  diet  (Hindustan  Levers,  Bombay)  and 
water  ad  libitum.  Rats  were  divided  into  equal  batch  of  the  following  control  and 
experimental  groups. 

Group     I:    subjected  to  psychological  stress  by  keeping  the  rats  in  small  wire  netting 
cages  which  were  placed  in  a  big  cage  with  a  cat  for  56  days. 
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Group  II:  subjected  to  fumes  inhalation  of  Capstan  plain  cigarettes  (W.  D.  Wills, 
Ltd.,  India)  for  56  days.  Rats  were  placed  in  a  box  having  an  inlet  for 
inhalation  and  an  outlet  for  exhalation  of  cigarette  fumes.  Tobacco  fumes 
of  Capstan  cigarette  were  blown  inside  the  box  through  the  upper  inlet 
and  allowed  to  passout  through  the  lower  outlet. 

Group  III:  subjected  to  fumes  inhalation  of  cigarette  plus  cannabis  hemp  (hashish). 
In  this  group  the  equal  quantity  of  Capstan  tobacco  and  hashish  were 
mixed  (1  g)  and  the  fumes  were  blown  into  the  box  containing  the  rats 
according  to  the  method  mentioned  in  the  group  II  for  56  days. 

Group  IV:  subjected  to  psychological  stress  and  received  the  treatment  of  cigarette 
plus  hashish  fumes  according  to  the  method  described  in  groups  I  and  III 
for  56  days. 

Group    V:    consisting  of  normal  rats  to  serve  as  control  for  groups  I,  II  and  III. 

Eight  rats  from  each  group  were  sacrificed  at  intervals  of  7,  28  and  56  days.  Brains 
were  dissected  and  20  %  homogenates  of  these  brain  tissues  prepared  in  sucrose 
solution,  were  used  to  estimate  protein  (Lowry  et  al  1951),  DNA  (Burton  1956)  and  RNA 
(Dische  1955).  Testes  were  utilized  to  estimate  cholesterol  (Saekett  1960)  and  alkaline 
phosphatase  (King  and  Wootton  1959).  Urine  (24  hr)  of  each  rat  from  each  group, 
before  sacrifice,  was  collected  to  estimate  5-HiAA  (Subramaniyam  and  Narayanan  1973) 
and  VMA  (Armstrong  et  al  1957).  Testes  were  dissected  and  fixed  in  Bouin's  fluid  for 
histological  study.  Paraffin  sections  (5/j  thick)  were  cut  and  stained  in  haematoxylin 
using  eosin  as  counterstain. 

3.    Results 

3.1     Biochemical  studies 

3.1a  Brain-protein  (table  1):  The  protein  level  decreased  gradually  in  the  group 
subjected  to  psychological  stress  and  the  group  receiving  cigarette  fumes  as  compared 
to  the  normal  control.  The  group  having  received  cigarette  plus  hashish  fumes  showed 
an  increase  in  protein  content  on  the  7th  day  of  treatment  and  thereafter  the  level 
dropped  significantly  in  comparison  with  the  normal  control.  In  the  group  subjected  to 
stress  and  receiving  cigarette  plus  hemp  fumes,  the  level  of  protein  was  higher  than  the 
normal  control  but  lesser  than  the  cigarette  plus  hemp  treated  group  on  day  7  after 
stress  and  the  28th  day  onwards  the  level  remained  lower  than  the  rest  of  the  groups. 

3.1b  Brain-deoxyribose  nucleic  acid  (table  1):  There  was  less  DNA  content  in  the  brain 
of  rats  subjected  to  stress  and  the  group  receiving  cigarette  smoke  than  the  normal 
control.  In  the  group  receiving  the  combined  treatment  of  cigarette  plus  hashish,  there 
was  an  increase  in  the  concentration  of  DNA  on  the  7th  day  of  treatment  and  this  was 
followed  by  a  decrease  on  days  28  and  56,  whereas  the  group  subjected  to  stress  and 
received  cigarette  plus  hashish  showed  a  reduction  in  the  DNA  content  in  comparison 
with  the  cigarette  plus  hemp  fumes  inhaled  rats  on  day  7,  while  a  significant  decrease  in 
the  level  was  noted  on  days  28  and  56  in  comparison  with  the  other  groups. 

3.1c  Brain-ribose  nucleic  acid  (table  1):  Level  of  RNA  content  decreased  in  stress 
administered  rats  and  rats  treated  with  cigarette  fumes  as  compared  to  normal  control. 
In  the  cigarette  plus  hashish-treated  groups  and  the  group  treated  with  cigarette  plus 
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hashish  in  addition  to  psychological  stress,  the  level  rose  on  day  7  and  declined  on  days 
28  and  56  as  compared  to  normal  control.  A  significant  reduction  was  observed  in  the 
RNA  level  on  days  28  and  56  as  compared  to  the  other  groups  including  normal  control. 

3. Id  Testes-cholesterol  (table  2):  The  stress-administered  group  exhibited  rising 
levels  of  cholesterol  in  the  testes  whereas  the  group  receiving  cigarette  showed  a 
significant  increase  only  on  the  56th  day  of  inhalation.  In  the  group  subjected  to 
administration  of  cigarette  plus  hashish,  there  was  a  reduction  in  the  cholesterol  level 
on  the  7th  day  of  treatment  and  the  level  rose  on  days  28  and  56.  Rats  having  received 
the  treatment  of  cigarette  plus  hashish  together  with  stress  showed  an  increase  in  the 
level  of  cholesterol  on  28th  and  56th  day  when  compared  with  normal  control,  the 
group  receiving  cigarette  and  the  group  treated  with  cigarette  plus  hashish. 

3.1e  Testes-alkalinephosphatase  (table  2):  In  comparison  with  the  normal  controls, 
there  was  a  diminution  in  the  level  of  alkaline  phosphatase  in  the  group  receiving 
psychological  stress,  the  group  inhaling  cigarette  fumes  and  the  group  administered 
with  the  cigarette  plus  hashish.  The  stress-administered  group  treated  with  cigarette 
plus  hashish  showed  a  marked  decrease  in  the  alkaline  phosphatase  content  on  days  28 
and  56  as  compared  to  the  group  treated  with  the  cigarette  plus  hashish  and  the  normal 
control. 

3. If  Urine-5-hydroxy  indol  acetic  acid  (table  2):  Following  stress  the  urinary  content 
of  S-HIAA  increased  on  days  7  and  28  in  the  group  subjected  to  psychological  stress, 
whereas  no  significant  change  in  the  level  was  noted  on  day  56  as  compared  to  the 
normal  control  In  cigarette-administered  group,  no  significant  change  in  the  level  was 
observed.  The  group  receiving  cigarette  plus  hashish  and  the  group  being  administered 
with  cigarette  plus  hashish  together  with  stress  showed  an  increased  excretion  of  5-HiAA 
but  the  level  of  concentration  was  higher  in  the  latter  group  as  compared  to  the  former. 

3.1g  Urine-3-methoxy,  4-hydroxy  mandelic  acid  (table  2):  In  stress-administered 
group,  the  concentration  of  VMA  was  higher  in  urine  than  the  normal  control.  The 
cigarette-treated  group  showed  no  significant  change  in  VMA  content  of  the  urine.  In  the 
group  receiving  cigarette  plus  hashish  in  combination  with  the  stress,  there  was  a  rising 
level  of  VMA  in  the  urine  than  the  normal  control  but  the  concentration  was  much  higher 
in  the  latter  group  than  the  former  on  days  7  and  28  after  the  treatment. 

3.2    Histological  studies 

3.2a  Testes:  The  testes  histology  of  the  control  rat  showed  the  sexually  active 
reproductive  phase  characterized  by  the  reduced  leydig  tissue,  the  increased  size  of 
seminiferous  tubules  and  the  active  transformation  of  seminiferous  epithelium  into 
sperms  which  were  present  in  large  numbers  in  the  lumen  of  testes.  Unlike  those  of 
cigarette-administered  testes,  the  treatment  of  cigarette  plus  hashish  affected  the  testes 
conspicuously;  the  testes  histology  was  characterized  by  the  proliferation  of  leydig 
tissue,  disappearance  of  sperms,  degenerative  changes  and  the  loss  of  spermatogonia 
and  spermatocytes.  Large  vacant  spaces  were  present  among  the  existing  sper- 
matocytes,  indicating  thereby  that  a  sizeable  number  of  them  were  destroyed.  On  the 
other  hand  in  the  testes  of  cigarette  plus  hashish-administered  rats  when  exposed  to 
stress,  the  histological  changes  appeared  to  be  more  deleterious  and  disastrous  when 
compared  with  the  rats  receiving  cigarette  plus  hashish.  The  spermatogonia  were 
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unaffected  but  the  sperm  population  was  altogether  absent.  The  continuation  of  stress 
until  day  56  brought  about  very  little  changes  in  the  testes;  degenerative  changes  were 
seen  in  a  few  spermatogonia  only  and  a  large  number  of  them  were  little  affected. 


4.    Discussion 

The  inhalation  of  hashish  fumes  may  increase  initially  concentration  of  protein  in  the 
brain  but  its  chronic-administration  causes  depletion  of  the  same.  This  may  attribute  to 
the  inhibitory  effects  of  hashish  treatment.  The  protein  curtailment  is  more  marked  in 
hashish  fumes-administered  group  than  in  that  receiving  cigarette  fumes  alone.  Results 
further  tend  to  suggest  that  the  chronic  treatment  of  cigarette  plus  hashish  smoke  to  the 
rats  undergoing  psychological  stress  may  prove  to  be  more  deleterious  as  shown  by  an 
increased  reduction  in  the  level  of  brain  protein  of  this  group.  A  similar  inhibition  of 
protein  synthesis  in  rat  brain  was  observed  after  the  administration  of  morphine  to  rats 
(Clouet  and  Ratner  1968;  Clouet  1968).  It  was  demonstrated  by  Greene  and  Magasnik 
(1967)  that  when  the  concentration  of  the  narcotic  drug  was  increased,  the  inhibition  in 
protein  synthesis  was  apparent  2  min  after  exposure  of  cells  to  the  drug.  The  rise  and  fall 
of  DNA  concentration  in  the  brain  of  rats  receiving  the  inhalation  of  cigarette  plus 
hashish  fumes  seems  to  stimulate  the  biosynthetic  process  of  protein  but  the  follow-up 
of  the  treatment  proves  to  be  inhibitory  to  the  synthesis  as  indicated  by  the  presence  of 
reduced  level  of  DNA  content  on  days  28  and  56.  The  rise  in  RNA  contents  on  day  7  in  the 
cigarette  plus  hashish  fumes  administered  rats  coincides  with  an  increase  in  the  total 
protein  content  of  the  brain.  This  indicates  that  inhalation  of  cigarette  plus  hashish 
smoke  probably  evokes  in  the  beginning  an  increased  mobilization  and  utilization  of 
protein  in  the  brain. 

Protracted  inhibition  in  the  protein  content  by  the  use  of  hashish  probably  leads  to 
diminished  synthesis  of  the  RNA  on  days  28  and  56  in  the  group  being  treated  with  the 
cigarette  plus  hashish.  Clouet  (1968)  suggested  that  inhibition  in  the  protein  and  nucleic 
acid  (DNA  and  RNA)  synthesis  is  due  to  an  increased  destruction  of  ATP  in  the  narcotic 
treated  group.  Here,  it  is  quite  likely  that  chronic  administration  of  hashish  causes  an 
increased  annihilation  of  ATP  and  thereby  inhibits  the  biosynthetic  process  of  DNA,  RNA 
and  protein  in  the  brain  of  stressed  rats. 

Our  observations  on  urinary  metabolites  of  5-hydroxytryptarnine  and  catecho- 
lamine  show  an  increased  excretion  of  5-HiAA  and  VMA  in  the  urine  of  cigarette  plus 
hashish  smoke-administered  rats,  which  may  be  due  to  hyperactiVity  of  5-HT  and  nor- 
adrenalin  caused  by  cigarette  plus  hashish  smoke.  Singh  et  al  (1980)  have  also  reported 
an  increase  in  brain  serotonin  level  after  prolong  use  of  marijuana  fumes  while  Taylor 
and  Fennessy  (1982)  have  shown  reduced  levels  of  homovanillic  acid  (HVA)>  5-HT  and 
nor-adrenalin  after  chronic  treatment  of  A9-rac.  Further  rise  in  the  excretion  of  5-HiAA 
and  VMA,  following  cigarette  plus  hashish  inhalation  in  the  urine  of  rats  subjected  to 
psychological  stress,  may  be  owing  to  additional  amount  of  stimulus  caused  by  the 
psychological  stress.  Many  other  workers  (Welch  and  Welch  1968;  Bliss  1973;  Sarkar  et 
al  1977;  Hasan  et  al  1979)  have  also  reported  an  increase  in  the  levels  of  5-HT  and 
catecholamine  in  the  animals  following  stress. 

Inhalation  of  cigarette  plus  hashish  smoke  affects  adversely  the  testicular  metabolism 
by  bringing  about  a  decrease  in  androgen  sensitive  enzyme,  i.e.  alkaline  phosphatase. 
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Similar  effects  of  decreased  androgenicity  are  reported  (Vyas  and  Singh  1976;  Husain 
and  Lame  1981;  Hong  et  al  1981;  Futonoto  et  al  1982). 

The  increase  in  the  cholesterol  accumulation  in  the  testes  of  rats  receiving  the 
treatment  of  cigarette  plus  hashish  may  be  due  to  anti-androgenicity  effect  of  the  latter, 
for  the  formers  are  not  utilized  in  the  biosynthesis  of  steroid  hormones.  The  anti- 
androgenicity  effect  of  cigarette  plus  hashish  smoke  is  further  supported  by  the 
histological  studies  on  the  testes.  This  observation  bears  significance  that  the  chronic 
inhalation  of  cigarette  plus  hashish  smoke  causes,  in  the  long  run,  more  severe 
degenerative  changes  in  the  testes  of  rats  undergoing  psychological  trauma. 
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Abstract.  A  population  of  the  Western  Ghats  squirrel,  Funambulus  tristriatus  Waterhouse, 
was  studied  for  some  group  attributes.  The  density  ranged  between  2  and  4  individuals/ha,  the 
pattern  being  irregular.  The  rate  of  persistence  was  very  low  and  nearly  83  %  of  the  squirrels 
marked  and  released  disappeared  from  the  population  within  12  months.  The  sex  ratio 
significantly  favoured  males.  Males  were  heavier  than  females,  but  the  difference  was  not 
statistically  significant. 

Keywords.    Funambulus  tristriatus:,  density;  persistence;  recapture;  sex  ratio;  body  weight. 


L    Introduction 

The  Western  Ghats  squirrel,  Funambulus  tristriatus  Waterhouse,  is  distributed  along 
the  west  coast  in  the  Indian  peninsula  (Moore  and  Tate  1965).  It  is  a  major  rodent  pest 
of  cacao,  Theobroma  cacao  L.,  an  important  commercial  crop  (Bhat  et  al  1981).  A 
detailed  study  was  taken  up  on  its  population  structure,  food  habits  and  breeding 
biology  at  the  Central  Plantation  Crops  Research  Institute,  Regional  Station,  Vittal, 
Karnataka,  from  January  1976  to  October  1979.  This  paper  reports  the  observations 
made  on  population  structure  and  rate  of  persistence. 

2.    Study  area  and  climate 

The  population  structure  was  studied  in  a  3-24  ha  of  cultivated  tract  of  paddy  (Oryza 
sativa  L.)  and  arecanut  (Areca  catechu  L.)  near  Vittal  (12°30'N,  74°80/E)  in  the 
Dakshina  Kannada  District  of  Karnataka.  The  coconut  palm  (Cocos  nucifera  L.)  is 
grown  on  the  bunds  of  the  paddy  fields;  and  cacao,  banana  (Musa  paradisiaca  L.), 
pineapple  (Ananas  sativus  Schult.)  and  pepper  (Piper  nigrum  L.)  as  inter  and  mixed 
crops  in  the  arecanut  gardens.  Hibiscus  (Hibiscus  schizopetalus  Hooker  f.)  was  common 
on  the  hedges.  Other  trees  were  mango  (Mangifera  indica  L.),  jack  (Artocarpus 
integrifolia  L.),  cashew  (Anacardium  occidental  L.),  black  plum  (Eugenia  jambolana 
Lam.),  strychnine  (Strychnos  nux-vomica  L.)  and  kokra  laurel  (Aporosa  lindleyana 
Baill.).  Weeds  such  as  Caesalpinia  mimosoides  Lam.  and  Andropogon  sp.  were  very 
common. 

The  study  area  is  bordered  by  a  small  river,  Vokkethur,  on  the  southern  side,  barren 
uncultivated  dry  land  on  the  western  and  northern  sides  and  a  stretch  of  evergreen 
forest  on  the  eastern  side.  It  has  an  elevation  of  5-3  m  MSL  and  a  tropical,  hot  and  humid 
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climate  with  two  well-defined  seasons,  i.e.,  summer  and  rainy.  The  average  annual 
rainfall  during  the  study  period  was  4600  mm,  about  70  %  of  which  occurred  from  June 
to  August.  A  few  showers  occurred  from  September  to  November.  Summer  was  from 
January  to  May  when  the  maximum  day  temperature  was  33-8°C.  In  June,  July  and 
August  the  day  temperature  was  comparatively  low  (maximum  294°C)  and  the  relative 
humidity  was  high  (87-93  %).  Nights  were  cooler  (maximum  21  °C)  from  December  to 
February. 

3.     Methods 

The  squirrels  were  trapped  for  7-8  consecutive  days  in  the  latter  half  of  each  month 
from  February  1978  to  October  1979.  Their  movements  were  observed  for  one  month 
before  starting  the  experiment.  Thirtyfive  trapping  points  were  then  selected  either  on 
the  branches  of  trees  or  on  other  spots  frequented  by  these  squirrels.  Locally  available 
single-catch  wiremesh  live  traps  (25  x  15  x  15cm)  were  used  for  trapping  and  the 
location  of  each  trap  was  marked  on  a  map.  The  traps  were  set  between  0800  and  0900 
hr  with  ripe  banana  as  the  bait  in  the  lever.  A  few  grains  of  paddy  were  kept  at  -fte 
entrance  of  the  trap  to  attract  squirrels  as  whole  grains  of  paddy  was  the  favoured  bait 
(Bhat  1979).  Each  morning  the  old  baits  (especially  the  banana)  were  replaced  by  fresh 
ones.  Traps  were  inspected  twice  a  day  (0800-0900  hr  and  1730-1830  hr).  The  trapped 
squirrels  were  marked  by  toe  clipping  (Melchior  and  I  wen  1965),  examined 
superficially  and  released  in  the  place  of  capture.  The  place  of  capture  and  the  weight 
and  general  condition  of  each  squirrel  were  recorded  every  time.  Those  squirrels  which 
were  trapped  on  the  periphery  of  the  study  area  were  not  considered  in  the  estimation  of 
population. 

Density  was  calculated  by  two  methods,  viz  direct  enumeration  technique  or  the 
minimum  count  method  (Krebs  et  al  1979)  and  applying  Seber's  weighted  mean 
formula  (Seber  in  Begon  1979).  For  estimating  population  by  enumeration  technique, 
:  those  marked  squirrels,  untrapped  in  one  trapping  period  but  trapped  in  a  subsequent 
period,  were  assumed  to  have  been  present  in  the  study  area  during  the  intervening 
periods  and  hence  were  included  in  the  totals  for  those  periods.  The  actual  trapping 
areas  were  computed  by  adding  a  boundary  strip  equal  to  the  average  distance  between 
successive  captures  of  animals  caught  five  times  or  more  (Cheeseman  and  Delany  1979). 


4.     Results  and  discussion 

4.1     Density 

The  population  density  for  different  months  during  1978-1979  is  presented  in  table  1. 
The  Seber's  formula  could  not  be  applied  in  some  months  because  of  lack  of  recaptures. 
In  all  months  the  density  estimated  by  the  minimum  count  method  was  slightly  higher 
than  that  estimated  by  Seber's  formula.  Cheeseman  and  Delany  (1979)  pointed  out  that 
the  figures  obtained  by  direct  enumeration  fell  within  the  confidence  limits  of  the  Jolly's 
highest  estimate.  However,  the  enumeration  method  is  not  without  errors  in  that  it 
estimates  only  the  minimum  number,  as  there  will  definitely  be  some  animals  in  the 
population  which  are  never  caught  and  some  trapped  squirrels  which  probably 
survived  one  or  more  trapping  periods  without  being  retrapped. 
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Table  1.    Density  (no.  per  hectare)  of  F.  tristriatus  at  Vittal. 


Density  estimated  by 


Minimum  count  method 


Seber's  formula 


Month 


1978 


1979 


1978 


1979 


January 



2-22 

— 

# 

February 

4-44 

2-53 

4-09 

2-47 

March 

3-80 

2-85 

3-71 

1-39 

April 

3-48 

3-17 

* 

1-27 

May 

348 

3-17 

1-43 

2-31 

June 

3-17 

3-48 

1-65 

3-71 

July 

3-17 

3-80 

1-87 

3-68 

August 

2-85 

4-12 

# 

3-17 

September 

2-85 

3-17 

# 

2-50 

October 

2-22 

3-48 

* 

3-23 

November 

2-85 

— 

2-22 

— 

December 

2-53 

— 

1-27    . 

_ 

Mean 

3-18 

2-50 

*  Formula  could  not  be  applied  because  of  lack  of  recaptures. 

The  population  density  did  not  fluctuate  much  from  the  mean.  This  might  be  due  to 
the  fact  that  Vittal  has  a  fairly  stable  climate  during  the  periods  of  study.  In  Jodhpur 
where  the  climate  reaches  severe  extremes,  severe  fluctuations  in  the  populations  of  the 
northern  palm  squirrel,  F.  pennanti,  were  recorded  (Prakash  and  Kametkar  1 969). 

4.2    Recapture  and  persistence 

Out  of  the  41  squirrels  marked  and  released,  36  (87-8  %)  were  recaptured  1-15  times;  of 
these,  about  68  %  were  recaptured  1-5  times*  14  %  6-10  times,  and  17  %  1 1-15  times 
(figure  1).  This  shows  that  the  squirrels  were  not  trap-shy.  A  high  degree  of  trappability 
was  also  reported  in  the  northern  palm  squirrel  (Prakash  and  Kametkar  1969);  the 
Nelson's  ground  squirrel,  Citellus  nelsoni  (Hawbecker  1958,  1975)  and  the  striped 
ground  squirrel,  C.  tridecemlineatus  (Evans  1951). 
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Figure  1.    Number  of  F.  tristriatus  recaptured  at  different  times.  Expressed  as  percentage  of 
the  total  recaptured  animals.  N  =  36. 
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The  iailure  to  retrap  a  marked  squirrel  could  be  due  to  emigration  or  mortality.  Even 
if  a  particular  marked  squirrel  was  not  trapped  in  the  very  next  trial  of  retrapping  but 
was  recaptured  later  on,  it  was  considered  to  be  persisting  in  the  study  area.  Those 
squirrels  which  could  not  be  retrapped  in  spite  of  repeated  attempts  were  considered  to 
have  disappeared  from  the  population.  Persistence  is  referred  to  here  as  the  duration  of 
residence  of  the  squirrel  in  the  study  area.  It  also  meant  the  minimum  known  survival 
time.  The  actual  survival  period  would  be  definitely  longer  as  no  allowance  was  made 
for  dispersal  and  those  first  caught  as  adults. 

The  data  showed  that  nearly  1 5  %  of  the  squirrels  that  entered  the  population  each 
month  disappeared  in  the  succeeding  month  (figure  2).  Further,  less  than  50%  of 
the  squirrels  remained  for  more  than  5  months  in  the  population  and  less  than  20% 
persisted  for  nearly  12  months.  The  annual  persistence  of  the  northern  palm  squirrel 
was  less  than  20  %  in  Jodhpur  (Prakash  and  Kametkar  1969).  Similarly,  very  low  rate  of 
persistence  was  recorded  for  some  other  sciurids  by  Bradley  (1967)  and  Hawbecker 
(1975). 


4.3    Sex  ratio 

Specimens  were  collected  from  the  areas  around  Vittal  from  November  1977  to 
October  1979.  The  sex  and  body  weight  of  each  squirrel  were  recorded.  Out  of  429 
squirrels  collected,  232  (55-24%)  were  males  and  192  (44-76%)  females.  This 
preponderance  of  males  was  statistically  significant  (x2(l)  =  4-72,  p  <  0-05).  The 
percentage  of  males  was  more  than  50  in  all  the  months  except  in  January  and  February 
(figure  3).  Both  sexes  were  nearly  equal  in  January,  but  females  outnumbered  males  in 
February.  However,  the  sex  ratio  did  not  deviate  significantly  from  1:1  in  any  month. 
The  preponderance  of  males  was  common  in  the  populations  of  the  northern  palm 
squirrel  both  in  Calcutta  (Louch  et  al  1965-1966)  and  in  Rajasthan  (Agrawal 
1965-1966,  Purohit  et  al  1966;  Prakash  and  Kametkar  1969)  and  in  several  other 
sciurids  (Layne  1954;  Packard  1956;  Farentinos  1972;  Brown  and  McGuire  1975; 
Rusch  and  Reeder  1978;  Boag  and  Murie  1981).  But  male  preponderance  is  not 
universal  in  sciurids  (Allen  1943;  Evans  and  Holdenried  1943;  Rohgstad  1965).  Schmutz 


Q) 


100 

80 
60 

" 

20 
0 


\ 


6          8         10        12        U 
Trapping    months 


16       18       20 


Figure  2.     Percentage  of  marked  F.  tristriatus  persisting  in  the  study  area  since  the  month  of 
first  capture.  N  =  14. 
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Figure  3.    Monthwise  sex  ratios  of  F.  tristriatus,  expressed  as  percentage  of  males.  Numbers 
on  top  denote  sample  size. 

et  al  (1979)  suggested  that  the  difference  in  the  rate  of  persistence,  mortality,  dispersal 
and  predation  pressure  are  the  major  factors  responsible  for  the  uneven  sex  ratio  in 
squirrels. 

4.4    Body  weights 

The  squirrels  trapped  for  the  previous  study  were  weighed  to  the  nearest  0-5  g  using  a 
common  counter  balance.  Males  were  slightly  (p  >  O5)  heavier  than  females  (table  2). 


Table  2.    Mean  monthly  body  weight  of  F.  tristriatus  (pooled  for  two  years)  at  Vittal. 


Males 

Females 

VP.QT 

I  Cdl 

and 

Body  weight 

(g) 

Body  weight 

(g) 

month 

No. 

mean  ±  ISE 

range 

No. 

mean  ±  ISE 

range 

1977-1979 

Dec. 

13 

1344±   74 

75-159 

8 

122-4  ±104 

80-167 

Jan. 

13 

128-9+   5-6 

84-155 

13 

133-7  ±   4-9 

105-174 

Feb. 

24 

132-5±   3-3 

83-149 

28 

132-9±    3-1 

105-156 

Mar. 

9 

134-9  ±  4-1 

110-152 

8 

138-2±   4-9 

121-165 

Apr. 

1.7 

119-8±   6-5 

58-148 

13 

125-8  ±    5-3 

89-143 

May 

29 

135-2±  4-4 

76-176 

19 

127-1±   4-8 

77-146 

Jun. 

8 

119-0  ±-12-1 

65-168 

6 

139-0±   2-7 

130-147 

Jul. 

28 

131-0+   5-0 

79-164 

20 

121-1  ±   6-8 

38-150 

Aug. 

20 

124-7+  4-6 

76-153 

17 

120-7±   5-6 

62-142 

Sep. 

16 

131-0+   3-8 

102-160 

11 

134-9±   5-9 

83-151 

Oct. 

21 

127-9  ±   3-1 

98-162 

19 

119-5±   3-7 

.83-144 

Nov. 

39 

129-2  ±   3-5 

81-165 

30 

125-6+   4-8 

33-165 

Total/ 

237 

129-6±   1-4 

58-176 

192 

127-1  ±    1-6 

33-174 

mean 
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Figure  4.     Percentage  of  occurrence  of  various  weight  classes  of  F.  tristriatus  (data 
accumulated  over  two  years;  AT  =  429.  ®  Male;  o  female). 

Males  varied  from  58  to  176  g  and  females  from  33  to  174  g.  But  females  were  heavier 
than  males  during  January-April,  June  and  September;  the  presence  of  more  pregnant 
squirrels  (unpublished  data)  and  young  males  in  these  months  (tables  3,  4)  was  one  of 
the  reasons  for  this. 

Most  of  the  male  (59-7  %)  and  female  (68-8  %)  squirrels  weighed  between  120-5  and 
150-5  g  (figure  4).  However,  in  the  heavier  weight  class  (150-  5-160  g)  the  males  were 
significantly  (p  <  0-05)  more  numerous  than  females.  Occurrence  of  slightly  heavier 
males  was  reported  in  the  northern  palm  squirrel  (Prakash  and  Kametkar  1969)  and 
also  in  several  other  squirrels  (Layne  1954;  Packard  1956;  Morton  and  Parmer  1975). 

The  body  weight  of  adults  showed  little  annual  fluctuation.  This  could  be  attributed 
to  the  availability  of  food  all  the  year  round  and  the  relatively  stable  weather  conditions 
prevalent  in  the  study  area.  In  Jodhpur,  where  the  climatic  conditions  were  extreme,  the 
body  weight  of  the  northern  palm  squirrel  decreased  considerably  during  summer 
months  (Prakash  and  Kametkar  1969).  Variation  in  the  body  weight  was  reported  for 
fox  squirrel,  Sciurus  niger,  in  different  seasons  (Goodrums  1972).  Goodrums  (1972) 
attributed  this  fluctuation  to  the  reduced  activity  and  food  intake  during  extremes  of 
temperatures. 
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1.  Introduction 

Establishment  of  phylogenetic  relatedness  of  organisms  is  traditionally  done  on  the 
basis  of  evidences  from  fossil  record,  comparative  anatomy,  embryology  and  other 
biological  disciplines.  In  recent  years,  an  entirely  new  body  of  evidences  has  come  from 
molecular  geneological  analysis. 

There  are  a  number  of  approaches  to  the  study  of  molecular  phylogeny.  The  degree 
of  similarity  of  a  protein  in  related  species  can  be  measured  by  means  of  immunological 
methods.  Gel  electrophoresis  of  proteins  can  also  be  used  to  get  an  estimate  of  genetic 
distance  among  populations  of  closely  related  species.  The  percent  nucleotide 
differences  among  DNA'S  in  related  species  can  be  measured  by  means  of  DNA-DNA 
hybridisation.  However,  a  powerful  approach  that  is  making  increasingly  important 
contributions  to  our  understanding  of  biological  evolution  is  based  on  the  phylogenetic 
schema  made  on  the  sequences  of  proteins  and  nucleic  acids. 

In  molecular  geneological  studies,  two  types  of  homologous  genes  are  distinguished 
(Fitch  and  Margoliash  1970).  Orthologous  genes  are  descendants  of  ancestral  genes 
present  in  the  last  common  ancestor,  and  therefore,  evolution  of  orthologous  genes 
reflects  the  evolution  of  the  species  that  carry  these  genes.  On  the  other  hand, 
paralogous  genes  are  descendants  of  a  duplicated  gene.  The  evolution  of  paralogous 
genes  reflects  gene  species  phylogeny.  The  underlying  assumption  in  these  studies  is 
that  genes  of  basic  metabolic  importance  share  the  same  evolutionary  history  within  an 
organism,  and  therefore,  the  sequences  of  these  genes  or  those  of  their  products  can  be 
used  either  singly  or  additively  to  derive  phylogenetic  schema  and  infer  from  it  the 
evolutionary  course.  These  sequences  can  also  be  used  to  derive  a  composite  tree 
provided  its  topology  maintains  the  topology  of  individual  trees. 

In  our  review  and  discussions,  we  shall  trace  the  outlines  of  biological  evolution  from 
the  phylogenetic  trees  made  on  the  sequences  of  proteins  and  nucleic  acids.  Wherever 
necessary,  we  shall  also  utilise  information  derived  from  morphological,  cytological, 
physiological  and  biochemical  data. 

2.  Construction  of  molecular  phylogenetic  trees 

Two  types  of  methods  are  available  for  the  construction  of  phylogenetic  trees  based  on 
sequence  data  sets.  The  first  type  uses  matrix  numbers  which  are  obtained  by  a  count  of 
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non-matching  residues  in  a  set  of  aligned  sequences.  The  second  type  is  based  on  the 
reconstruction  of  ancestral  sequences  which  generate  descendant  sequences  through 
minimum  number  of  mutations. 

Among  the  matrix  methods,  the  unweighted  pair  group  (UWPG)  method  of  Sokal  and 
Michener  (1958),  the  average  percent  standard  deviation  (APSD)  coefficient  method  of 
Fitch  and  Margoliash  (1967)  and  the  additive  tree  method  of  Moore  et  al  (1973b)  have 
been  used  to  derive  phylogenetic  trees.  However,  the  least  squares  matrix  method  of 
Dayhoff  (1976)  is  particularly  useful  for  distantly  related  sequences  such  as  those  found 
in  the  prokaryote  kingdom.  In  this  method,  a  matrix  of  percentage  differences  is 
calculated  and  corrected  for  inferred  superimposed  mutations  to  yield  the  'observed 
matrix'.  Next,  for  each  possible  topology,  a  set  of  branch  lengths  which  gives  a  weighted 
least  squares  fit  of  the  reconstructed  matrix  to  the  'observed  matrix'  is  determined.  The 
topology  which  gives  the  smallest  sum  of  absolute  values  of  the  branch  lengths  is  taken 
as  the  phylogenetic  tree  for  that  set. 

The  ancestral  sequence  method  is  a  problem  of  double  minimization  of  the  sum  of 
values  of  branch  lengths  on  the  one  hand,  and  topological  configurations  on  the  other. 
Many  variations  of  the  ancestral  sequence  method  including  those  ofFitch  (1971)  and 
Dayhoff  (1972)  are  in  current  use  in  many  laboratories.  In  Ahmednagar,  we  have  been 
deriving  trees  utilising  maximum  parsimony  (MP)  approach  outlined  by  Barnabas  et  al 
(1972)  and  developed  into  a  mathematically  proven  method  of  Moore  et  al  (1973a). 
Recently,  we  have  developed  a  simpler  variation  of  the  MP  method  (Barnabas  et  al  1978, 
1980)  which  we  currently  use.  The  sequences  of  proteins  and  nucleic  acids  needed  for 
this  work  are  available  in  the  sequence  data  base  compiled  by  Dayhoff  (1972,  1973, 
1976,  1978)  and  Dayhoff  and  Schwartz  (1981). 

3.    Prokaryote  evolution 

In  recent  years,  a  broad  view  of  prokaryote  evolution  has  been  deduced  from  the 
phylogenetic  trees  made  on  the  sequences  of  proteins  and  nucleic  acids  by  utilising  least 
squares  matrix  method  (Schwartz  and  Dayhoff  1978).  Recently,  Barnabas  et  al  (1982) 
have  extended  this  work  to  deduce  the  metabolic  innovations  in  the  Precambrian.  In 
these  studies,  a  composite  tree  made  on  the  sequences  of  ferredoxins,  c-type  cyto- 
chromes  and  5  S  ribosomal  RNA'S  was  used  to  infer  the  evolutionary  course.  Initially, 
a  phylogenetic  tree  made  on  the  sequences  of  4Fe-4S  ferredoxins  was  affixed  with  a  root 
by  taking  into  account  gene  doubling  which  is  present  in  all  ferredoxins.  Next,  points  on 
the  5  S  ribosomal  RNA  tree  were  mapped  onto  the  bacterial  ferredoxin  tree.  The  2Fe-2S 
ferredoxins  tree  and  c-type  cytochromes  tree  were  next  mapped  onto  the  composite 
tree  maintaining  the  topology  of  the  composite  tree  consistent  with  that  of  individual 
trees. 

Ferredoxins  are  iron-sulphur  proteins  which  have  an  extremely  electronegative 
redox  potential  as  a  result  of  which,  they  take  part  in  a  number  of  oxidation-reduction 
reactions.  Two  major  types  of  ferredoxins  can  be  distinguished  depending  on  the 
structure  of  iron-sulphur  clusters.  The  bacterial  type  contain  one  or  two  4Fe-4S 
clusters.  The  sequences  of  ferredoxins  from  lostridia,  Peptococcus  and  Megasphaera, 
Chlorobium  (green  sulfur  bacteria)  and  Chromatium  (purple  sulfur  bacteria)  contain 
two  4Fe-4S  clusters,  whereas  those  of  Bacillus  and  Desulfovibrio  contain  one  4Fe-4S 
cluster.  These  sequences  vary  from  54  residues  in  Peptococcus  aerogenes  to  81  residues 
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in  Bacillus  stearothermophilus.  The  plant  type  of  ferredoxin,  commonly  found  in 
chloroplasts,  contains  one  2Fe-2S  cluster.  Interestingly,  ferredoxins  of  cyanobacteria 
(blue-green  algae)  and  Halobacterium  halobium  also  contain  the  plant  type  of 
ferredoxins.  These  sequences  vary  from  98  residues  in  Nostoc  muscorum  (blue-green) 
and  97  in  spinach  chloroplast  to  128  in  Halobacterium  halobium. 

The  cytochrome  c  superfamily  contains  a  host  of  c-type  cytochromes  which  act  as 
redox  carriers.  In  contrast  to  ferredoxins  which  act  on  the  hydrogen  side  of  NADP,  c-type 
cytochromes  act  as  electron  acceptors  of  reduced  NADP.  The  sequences  of  cytochrome  c 
from  mitochondria,  cytochrome  c2  from  Rhodospirillaceae  (purple  nonsulfur  bacteria), 
cytochrome  c550  from  Paracoccus  denitrificans,  cytochrome  c6  from  cyanobacteria  and 
chloroplasts,  cytochrome  c551  from  Pseudomonas  aeruginosa  and  cytochrome  c555 
from  Chlorobium  and  Prosthecochloris  have  been  utilised  for  discerning  the  early 
biological  evolution.  They  are  all  homologous  proteins  but  their  chain  length  varies 
from  82  amino  acid  residues  in  cytochrome  c551  of  Pseudomonas  aeruginosa  to  135 
residues  in  Paracoccus  denitriftcans. 

Ribosomes  which  are  essential  in  the  biosynthesis  of  proteins  are  ribonucleoproteins 
found  in  all  cell  types.  They  have  two  subunits  of  unequal  size.  In  prokaryotes,  the 
subunits  have  the  sedimentation  coefficients  of  SOS  and  30S  whereas  in  the  eukaryotic 
cytoplasmic  ribosomes,  60S  and  40S  subunits  are  present.  The  5S  ribosomal  RNA  is 
associated  with  the  large  subunit  in  both  prokaryotes  and  eukaryotes  and  may  play  a 
role  in  the  non-specific  binding  of  transfer  RNA  during  protein  biosynthesis.  The  5S 
ribosomal  RNA  in  different  organisms  is  around  120  nucleotides  long. 

We  have  schematically  represented  the  prokaryote  evolution  and  early  evolution  of 
eukaryotes  in  figure  1.  This  schema  combines  information  from  the  composite 
phylogenetic  tree  made  on  the  sequences  of  ferredoxins,  5S  ribosomal  RNA  and  c-type 
cytochromes  (Schwartz  and  Dayhoff  1978;  Barnabas  et  al  1982)  as  well  as  from 
paleontological  evidences  and  biochemical  data.  Evidences  from  other  biological 
disciplines  have  also  been  utilised  to  get  insights  into  the  taxonomy  of  lower 
eukaryotes. 

3.1     Evolution  in  the  Archaen 

The  Precambrian  is  now  divided  into  three  Eons:  Hadean,  the  Archaen  and  the 
Proterozoic.  The  Hadean  extended  from  4-6  to  3-8  billion  years  ago;  the  Archaen  from 
3-8  to  2-6  billion  years  ago  and  the  Proterozoic  from  2-6  to  0-6  billion  years  ago.  It  was 
the  Archaen  which  saw  the  appearance  of  the  oldest  rocks  (Moorbath  et  al  1973)  as  well 
as  the  first  life.  Various  lines  of  evidence  including  stromatolites,  stable  isotope  ratios 
and  organic  carbon  distribution  suggest  that  anoxygenic  photosynthesis  existed  as 
early  as  3-5  billion  years  ago  (Knoll  1982).  The  primary  source  of  evidence  for 
photosynthesis  is  the  presence  of  stromatolites  in  the  Pilbara  block  of  Western 
Australia  (Walter  et  al  1980).  Similarly,  the  isotopic  evidence  in  the  upper  Archaen  of 
the  Aldan  Shield,  Siberia  and  in  the  Michipicoten  and  Woman  River  banded  iron 
formation  of  Canada,  indicate  that  sulphate  reducers  arose  between  2-8  to  3  billion 
years  ago  (Sehidlowski  1979).  The  transition  from  the  Archaen  to  the  Proterozoic  was 
characterised  by  large  scale  growth  and  stabilisation  of  continents  (Knoll  1982). 

Obligate  fermentative  anaerobes  represented  by  Megasphera,  Peptococcus  and 
lostridia  appear  near  the  base  of  the  tree.  This  result  is  consistent  with  what  is 
generally  believed — that  primitive  atmosphere  was  reducing  and  that  fermentative 
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Figure  1.  Schematic  representation  of  outlines  of  evolution  of  prokaryotes  and  lower 
eukaryotes.  Prokaryote  evolution  was  inferred  from  the  composite  tree  based  on  the  sequences 
of  ferredoxins,  5S  rRNAs  and  c-type  cytochromes  (Barnabas  et  al  1982).  In  the  figure, 
clostridiai  line  includes  C.  pasteurianum  and  C.  butyricum  as  well  as  other  obligate  anaerobes 
like  Peptococcus  aerogenes  and  Megasphaera  elsdenii.  Anaerobic  photosynthesizers  include 
Chromatium  vinosum  and  Chlorobium  limicola.  Sulfate  reducer  line  includes  Desulfovibrio  giyas. 
Bacillus  stearothermophilus  (not  shown)  diverges  close  in  time  to  Desulfovibrio.  The 
eukaryotic  host  branch  which  is  derived  from  the  5S  TRNA  sequences  from  several 
representative  species,  also  contains  Halobacterium  salinarium  and  Thermoplasma.  The  5S  TRNA 
sequence  ofTTiermoplasma  is  determined  recently  (Luehresen  et  al  1981).  The  blue-green  algae 
include  Spirulina  maxima  and  Synechococcus  ATCC  27144.  The  aerobes  branch  include 
Pseudomonasfluorescens  and  Azotobacter  vinelandii.  Purple  nonsulphur  bacteria  is  represen- 
ted by  a  few  species  from  Rhodospirillaceae.  Here,  Rhodopseudomonas  globiformis  comes 
closest  to  eukaryotic  mitochondria.  The  topological  arrangements  of  protists  is  shown  in  the 
upper  part  of  eukaryotic  host  branch.  The  positioning  of  rhodophytes,  ciliates,  chromophyte 
line,  and  chlorophyte  line  is  done  on  the  basis  of  morphological,  tytological,  ultrastructural  and 
biochemical  data.  The  cytochrome  c  evolutionary  tree  suggests  that  animals,  plants  and  fungi 
must  have  diverged  very  close  to  time  (Dayhoff  1978).  The  serial  endosymbiosis  is  shown  in 
dotted  lines.  In  our  schema  purple  nonsulphur  bacterium  is  the  free-living  form  which  gave  rise 
to  mitochondria;  and  the  blue-greens  are  the  prokaryote  which  became  plastids  in 
rhodophytes  and  chromophyte  line.  However,  we  have  shown  'Prochloron'  (Chi  a  and  Chi  b 
containing  prokarybte)  as  the  free-living  form  which  gave  rise  to  chloroplasts  of  chlorophyte 
line  and  higher  plants  (Lewin  et  al  1981). 

obligate  anaerobes  were  the  first  organisms  to  appear  on  the  earth  (Morris  1977).  These 
primitive  organisms,  like  their  modern  descendants,  utilised  glycolytic  pathways  to 
obtain  ATP  and  reducing  equivalents. 

Two  nitrogen  fixing  clostridiai  species  C.  Pasteurianum  and  C.  butyricum  (figure  1) 
have  the  ability  to  fix  dinitrogen.  In  fact,  nitrogen  fixing  ability  is  found  in  a  few  species 
of  green  sulphur  bacteria,  many  species  of  Desulfovibrio  and  blue  green  algae  as  well  as 
in  aerobes  such  as  Rhodospirillaceae  and  Azotobacter.  It  is  also  found  in  a  number  of 
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other  aerobes  such  as  Klebsiella  and  Rhizobium.  Nitrogen  fixation  by  Klebsiella 
pneumoniae  is  genetically  encoded  by  17  genes  in  a  cluster  of  seven  or  eight  operons 
(Postgate  1982).  What  is  particularly  interesting  is  that  Klebsiella  'nif '  cluster  has  been 
transferred  genetically  to  self-transmissible  plasmids;  and  many  species  which  are  not 
known  to  fix  nitrogen  have  been  made  to  fix  it  through  6nif '  plasmids.  These  results 
suggest  that  'nif '  gene  cluster  is  mobile  in  nature  and  therefore  it  gets  distributed  in 
different  branches  of  prokaryotes  through  gene  transfer.  Although  we  cannot  rule  out 
such  a  possibility  within  closely  related  groups,  it  is  unlikely  that  such  genetic 
constructs  would  find  permanent  acceptance  particularly  when  the  two  species  are 
distantly  related.  Moreover,  nitrogen  fixation  is  very  expensive  in  terms  of  ATP 
requirements  and  is  extremely  sensitive  to  oxygen.  It  may  be  noted  that  nitrogenase  is  a 
iron-sulphur  protein  like  ferredoxins;  and  thermodynamic  data  indicate  that  iron 
sulphides  were  plentiful  on  the  primitive  earth  (Osterberg  1974).  In  toto,  these  results 
suggest  that  nitrogen  fixation  is  an  early  acquisition  of  the  prokaryotic  stem. 

Two  anaerobic  photosynthesizers,  green  sulphur  bacteria  and  purple  sulphur 
bacteria,  also  appear  near  the  base  of  the  tree.  In  these  organisms,  photosynthesis  is 
initiated  by  light  reactions  in  which  CO2  is  reduced  to  carbohydrates  at  the  expense  of 
hydrogen  donors  such  as  molecular  hydrogen,  reduced  sulphur  compounds  or  small 
organic  molecules.  These  organisms  contain  bacteriochlorophyll  (BChl)  and  caro- 
tenoids  which  harvest  light  and  transfer  the  excitation  energy  to  a  reaction  centre 
containing  a  BChl-protein  complex  from  which  electrons  flow  through  photosystem  I 
either  cyclically  or  non-cyclically  (Button  and  Prince  1978). 

For  assimilation  of  CO2,  these  organisms  may  use  reductive  carboxylic  acid  cycle 
(reversed  Krebs  cycle)  (Buchanan  1972)  and  reductive  pentose  phosphate  (Calvin)  cycle 
(Fuller  1978).  Recently,  with  the  characterization  of  ATP  citrate  lyase  (Antranikian  et  al 
1982)  from  green  sulphur  bacteria,  it  has  become  clear  that  reversed  Krebs  cycle  is 
operative  in  this  organism.  These  results  collectively  suggest  that  ability  to  synthesize 
heme,  use  photosystem  I  either  cyclically  or  non-cyclically  and  reduce  CO2  using  either 
reversed  Krebs  cycle  or  Calvin  cycle  were  early  innovations  of  the  prokaryote  stem. 

The  green  sulphur  bacteria  uses  H2S  as  an  electron  donor  and  release  sulphate  into 
the  environment.  It  is  not  surprising  therefore  that  Desulfovibrio  which  reduces 
sulphate  to  sulphide  arose  after  the  divergence  of  green  sulphur  bacteria. 

3.2    Evolution  in  the  Proterozoic 

It  is  now  well  established  that  it  was  around  2  billion  years  ago  that  free  oxygen  began 
to  appear  in  the  atmosphere  due  to  oxygen-releasing  photosynthetic  activity  of 
cyanobacteria  (Cloud  1968).  Although  the  time  of  the  origin  of  oxygen-releasing 
photosynthesis  is  not  established,  terminal  Archaen  cratonization  must  have  increased 
substantially  the  area  available  for  colonization  of  benthic  cyanobacteria  (Knoll  1982). 
This  would  indicate  that  cyanobacteria  arose  in  the  early  Proterozoic.  This  Eon  also 
saw  the  appearance  of  the  first  eukaryote  around  14  billion  years  ago.  This  is  supported 
by  the  finding  that  in  the  Beck  Spring  Dolomite  microflora  (14+100  years  ago)  from 
Southern  California,  spheroidal  forms  exhibiting  dark  spots  are  present  suggesting  the 
preservation  of  eukaryotic  cell  structure  (Cloud  et  al  1969).  However,  the  oldest 
demonstrably  nucleated  cells  are  those  of  the  Bitter  Springs  microflora  (0-9  billion  years 
in  age)  from  central  Australia  (Schopf  1970). 

Following  the  divergence  of  sulphate  reducers,  a  line  referred  to  as  eukaryotic  host 
diverges  just  prior  to  the  divergence  of  cyanobacteria  and  the  stem  which  gave  rise  to 
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aerobes  (figure  1).  The  oxygen-releasing  photosynthesis  of  cyanobacteria  has  photo- 
systems  I  and  II  which  utilise  chlorophyll  a  and  phycobiliproteins  as  light  collecting 
pigments  (Krogmann  1978).  Here,  photosystem  I  is  an  early  acquisition  of  the 
prokaryotic  stem  which  cyanobacteria  has  retained;  but  photosystem  II  is  unique  to 
this  group. 

The  relevant  point  here  is  that  the  ancestor  of  blue-greens  were  anaerobes  which 
eventually  acquired  aerobic  respiration  when  atmosphere  became  oxygenic  due  to  their 
own  photosynthetic  activity.  This  in  turn,  would  suggest  that  others  which  got  oxygen 
respiration  acquired  it  independently.  Clearly,  oxygen  respiration  was  born  not  once 
but  many  times. 

The  organisms  that  diverge  from  aerobic  prokaryotic  stem  are  represented  by  purple 
nonsulphur  bacteria,  Pseudomonas  and  Azotobacter.  Since  these  are  aerobes,  it  can  be 
assumed  that  their  common  ancestor  acquired  the  ability  to  respire  aerobically.  In  other 
words,  Krebs  cycle  and  electron  transport  chain  got  fully  established  in  the  stem  line 
which  gave  rise  to  these  aerobes.  Among  these,  purple  nonsulphur  bacteria  is  a 
photosynthetic  organism  which  has  photosystem  I  similar  to  that  in  the  purple  sulphur 
bacteria  (Dutton  and  Prince  1978). 


4.    Origin  of  eukaryotes  and  the  proliferation  of  primitive  eukaryotes 
leading  to  the  present-day  eukaryotes 

Once  aerobic  respiration  had  fully  become  established,  it  gave  the  prokaryotic  stem  the 
potential  for  providing  many  times  more  ATP  than  from  fermentation.  As  a  result,  much 
larger  and  more  efficient  cell  types  evolved  giving  rise  to  the  first  eukaryotes. 

There  have  been  two  theories  regarding  the  origin  of  eukaryotes.  One  is  that 
eukaryotes  arose  as  a  result  of  serial  endosymbiosis  among  prokaryotes  (Margulis 
1 98 1)  and  the  other  is  that  they  arose  due  to  compartmentalization  of  the  DNA  within  the 
cytoplasm  of  a  single  line  of  prokaryote  (Raff  and  Mahler  1972).  In  the  phylogenetic 
tree  of  c-type  cytochromes (Schwartz  and  Dayhoff  1978;  Barnabas  et  al  1982),  the 
sequences  of  cytochrome  c2  of  purple  nonsulphur  bacteria  cluster  with  those  of 
cytochrome  c  of  eukaryotic  mitochondria  suggesting  that  ancestors  of  purple 
nonsulphur  bacteria  were  probably  the  free-living  organisms  that  gave  rise  to 
mitochondria.  Similarly,  phylogenies  based  on  2Fe-2S  ferredoxins  and  cytochrome  c6 
sequences  identify  ancestors  of  blue-greens  as  the  free-living  prokaryotes  that  gave  rise 
to  chloroplasts.  The  host  line  for  this  endosymbiosis  is  the  eukaryotic  host  line 
(figure  1).  This  branch  is  so  called  because  it  is  derived  from  5S  ribosomal  RNA  from  the 
cytoplasmic  ribosomes  of  eukaryotes.  Interestingly,  Halobacterium  and  Thermoplasma 
which  along  with  methanogens  are  classified  as  Archaebacteria  (Fox  et  al  1980)  also 
diverge  from  this  branch.  Their  position  in  the  eukaryotic  host  branch  is  also  supported 
by  the  observation  that  parts  of  the  protein  synthesizing  machinery  of  Halobacterium 
resemble  those  of  eukaryotes  (Bayley  and  Morton  1978).  Similarly,  Thermoplasma  has  a 
flavin-terminated  respiratory  system  resembling  the  microbodies  of  the  eukaryotic  cells 
(Searcy  et  al  1981).  However,  on  the  basis  of  16S  ribosomal  RNA  catalogue,  their  unusual 
lipids  and  a  number  of  other  unique  characteristics,  Archaebacteria  has  been  classified 
as  a  unique  group  and  not  as  derived  prokaryotes  (Woese  and  Gupta  1981).  The 
arguments  of  Woese  and  his  collaborators  for  an  ancient  archaebacterial  and 
eubacterial  divergence  are  compelling.  But,  the  sequences  of  5S  ribosomal  RNA  on  our 
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rooted  composite  tree  shows  that  Halobacteria  and  Thermoplasma  diverge  from  the 
eukaryotic  host  line  (Dayhoff  and  Schwartz  1981;  Barnabas  et  al  1982).  This  host  line 
probably  separated  from  the  prokaryotic  stem  around  the  time  of  divergence  of 
sulphate  reducers  (figure  1). 

The  serial  endosymbiotic  theory  of  Margulis  (1981)  is  built  around  the  idea  that 
mitochondria,  plastids  and  cilia  arose  when  smaller  prokaryotic  cells  took  up 
permanent  residence  inside  large  prokaryotic  cells.  Once  formed,  the  eukaryotes  began 
to  proliferate  and  eventually  gave  rise  to  the  present-day  eukaryotes.  According  to  the 
most  widely  accepted  5-kingdom  classification  (Whittaker  1969),  the  living  organisms 
are  classified  into  five  kingdoms.  The  prokaryotes  are  represented  by  Monera;  and 
eukaryotes  by  Protista,  Fungi,  Plantae  and  Animalia. 

It  seems  likely  that  the  first  eukaryotes  were  not  unlike  the  present-day  unicellular 
protists.  The  best  known  protists  of  today  include  yellow  and  brown  flagellate  algae 
and  their  allies,  the  green  algae,  the  red  algae,  the  fungus-like  protists,  the  slime  molds, 
and  animal-like  protists.  The  phylogeny  of  these  groups  is  not  fully  understood  for 
want  of  sufficient  sequence  data.  However,  a  broad  view  of  phylogeny  of  protists  can  be 
obtained  by  examining  the  available  morphological,  ultrastructural,  cytological  and 
biochemical  data. 

The  yellow  and  brown  flagellate  algae  and  their  allies  represent  the  chromophyte  line 
(Christensen  1964)  in  which  chlorophyll  c  (Chi  c)  can  be  used  as  a  taxonomic  marker. 
The  chromophytes  contain  Chi  a  and  Chi  c  but  Chi  b  is  conspicuously  absent.  In  this 
line,  Chrysophyceae,  Bacillariophyceae,  Phaeophyceae  and  Haptophyceae  are  phylo- 
genetically  related.  This  is  supported  by  the  finding  that  these  groups  contain  Chi  cx 
and  Chi  c2  which  are  not  found  together  elsewhere;  and  that  their  carotenoid 
biosynthetic  pathways  particularly  that  leading  to  fucoxanthin  are  remarkably  similar 
(Ragan  and  Chapman  1978).  Also,  Xanthophyceae  and  Raphidophyceae  are  close  to  this 
group;  but  in  them,  as  well  as  in  Eustigmatophyceae,  the  fucoxanthin  pathway  is 
replaced  by  vaucheriaxanthin  pathway  (Ragan  and  Chapman  1978).  However, 
Raphidophyceae  is  considered  to  be  an  offshoot  of  Xanthophyceae  (Hibberd  1979) 
while  Eustigmatophyceae  is  regarded  as  a  distinct  class  because  of  the  presence  of  a 
unique  type  of  photoreceptor  apparatus,  absence  of  golgi  bodies  from  the  zoospores 
and  absence  of  girdle  lamella  from  chloroplasts  (Hibberd  and  Leedale  1972). 

The  Cryptophyceae  resemble  the  chromophyte  line  in  possessing  Chi  c2  and  the 
chlorophyte  line  (Chi  b  line)  in  their  starch  production.  The  Cryptophyceae,  like 
Rhodophyceae,  contain  special  accessory  pigments,  the  phycobiliproteins  (Glazer  et  al 
1976)  which  are  found  nowhere  else  except  in  cyanobacteria.  This  implies  that  both 
Cryptophyceae  and  Rhodophyceae  are  primitive  eukaryotes.  However,  Ragan  and 
Chapman  (1978)  indicate  that  Cryptophyceae  are  probably  derived  from  an  ancestral 
stock  near  the  base  of  chromophyte  and  chlorophyte  lines. 

Dinophyceae  is  yet  another  group  whose  phylogenetic  position  is  difficult  to  assess. 
On  the  one  hand,  they  lack  the  typical  features  of  eukaryotic  chromatin  and  on  the 
other,  they  show  a  characteristic  eukaryotic  life  cycle  as  well  as  meiosis  (Loeblich  1976). 
However,  the  presence  of  acetylenic  xanthophylls  and  Chi  c2  indicates  affinity  with 
chromophytes;  and  the  dinoflagellates  could  be  placed  at  the  base  of  the  chromophyte 
series  (Taylor  1976,  1978;  Ragan  and  Chapman  1978). 

Rhodophyceae  is  regarded  as  one  of  the  most  primitive  of  the  eukaryotes.  This  is 
based  on  the  finding  that  they  lack  the  9  4-  2  structures,  typical  of  eukaryotes.  Moreover, 
their  plastids  contains  Chi  a  similar  to  that  in  cyanobacteria.  More  significantly, 
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phycobiliproteins  of  Rhodophyceae  show  homology  with  those  of  cyanobacteria 
(Glazer  et  al  1976). 

Euglenoids  are  an  enigmatic  group.  They  possess  Chi  a  and  Chi  b  like  the  green  algae 
and  have  been  grouped  with  them  in  the  chlorophyte  series  (Christensen  1964)  or 
placed  in  the  division  Euglenophyta  which  was  kept  adjacent  to  the  chlorophyte  series 
(Leedale  1967;  Round  1965;  Silva  1962).  The  fact  is  that  the  euglenoids  may  not  be 
closely  related  to  the  green  algae  since  they  differ  in  a  host  of  characters.  For  example, 
ratios  of  Chi  a  to  Chi  b  as  well  as  xanthophylls  are  different  in  these  groups.  Euglenoid 
chloroplast  has  an  endoplasmic  reticulum  which  is  absent  in  the  green  algae  (Leedale 
1967;  Taylor  1974).  The  euglenoids  show  some  resemblance  to  Crithidia  in  flagellar 
insertion,  microtubular  organisation  in  their  periplast  and  nuclear  division  (Leedale 
1978).  Also,  the  properties  of  tryptophan  biosynthetic  enzymes,  28S  TRNA  and  shikimate 
pathway  enzymes  are  similar  between  investigated  Euglenophyceae  and  protozoa 
and/or  simple  Eumycota  (Ragan  and  Chapman  1978).  It  is  of  special  interest  to  note 
that  two  trypanosome  flagellates,  Crithidia  oncopelti  and  Crithidia  fasciculata,  cluster 
close  to  Euglena  gracilis  in  the  cytochrome  c  evolutionary  tree  (Dayhoff  1978).  Also, 
Tetrahymena  pyriformis  diverges  prior  to  Crithidia  in  this  tree. 

The  protozoa  are  not  a  natural  group.  They  are  essentially  single-celled  eukaryotes 
and  are  mostly  holozoic  or  saprozoic.  Most  of  them  have  a  single  vesicular  nucleus,  a 
few  are  multinucleate,  whereas  ciliophora  show  nuclear  dimorphism  with  a  micro  and 
macronucleus  (Levine  et  al  1980). 

The  green  algae  or  the  Chlorophyceae  represent  the  chlorophyte  line  of  Christensen 
(1964).  They  are  characterised  by  the  presence  of  Chi  a  and  Chi  b.  There  is  difference  of 
opinion  regarding  the  taxonomic  status  of  green  algae  (Whittaker  and  Margulis  1978; 
Dodge  1974;  Ragan  and  Chapman  1978).  This  does  not  concern  us  here.  However,  what 
is  interesting  is  that  Stewart  and  Matt  ox  (1975)  have  suggested  a  hypotheti- 
cal classification  based  on  comparative  cytology  of  many  green  algae,  into  two 
classes  representing  two  different  lines  of  evolution,  one  of  which  gave  rise  to  the 
plants. 

One  of  these  classes  is  the  Chlorophyceae  which  includes  unicellular,  colonial, 
filamentous  and  parenchymatous  forms.  These  are  characterised  by  an  interzonal 
spindle  which  does  not  persist  till  the  completion  of  cytokinesis  and  there  is  formation 
of  a  phycoplast.  The  key  enzyme  of  glycolate  metabolism  is  glycolate  dehydrogenase 
(Fredrick  et  al  1973).  Flagella  are  inserted  anteriorly  in  the  motile  cells.  Their  flagellar 
basal  bodies  are  associated  with  four  or  more  relatively  narrow,  cruciately  arranged 
microtubular  roots  (Pickett-Heaps  1975).  The  other  class  is  Charophyceae  which 
includes  unicellular,  filamentous  and  parenchymatous  forms.  These  are  characterised 
by  phragmoplast  type  of  cell  division  in  which  interzonal  spindle  is  persistent  during 
cytokinesis  and  microtubules  are  laid  down  at  right  angles  to  the  plane  of  cell  division. 
The  key  enzyme  in  glycolate  metabolism  is  glycolate  oxidase. 

Pickett-Heaps  and  Marchant  (1972)  have  derived  the  higher  plants  and  also  the 
conjugates  from  the  Charophyceae  line.  Clearly,  the  Charophyceae  share  with  higher 
plants  a  phragmoplast  system  and  the  possession  of  glycolate  oxidase.  Added  to  this  is 
an  observation  by  Henry  and  Hall  (1977)  that  charophycean  line  contains  cyanide 
sensitive,  Cu/Zn  type  of  superoxide  dismutase  similar  to  that  in  the  cytosol  of  plants, 
animals  and  fungi.  This  is  in  contrast  to  chlorophycean  line  which  contain  the  cyanide 
insensitive  superoxide  dismutase  which  is  prokaryotic  in  origin. 
In  figure  1,  we  have  shown  three  endosymbiotic  events  that  gave  rise  to  plastids  in 
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eukaryotic  algae  and  higher  plants.  Although  the  exact  number  of  such  events  remains 
unclear,  there  is  little  doubt  that  plastids  are  polyphyletic  in  origin  (Raven  1970; 
Schwartz  and  Dayhoff  1981;  Gray  and  Doolittle  1982).  While  there  are  reasons  to 
believe  that  plastids  of  rhodophytes  and  the  chromophyte  line  are  cyanobacterial  in 
origin,  it  is  probable  that  plastids  of  the  chlorophyte  line  and  higher  plants  arose  from 
Trochloron',  a  non-cyanobacterial  oxygen-releasing  photosynthetic  organism  (Lewin 
1981).  From  the  cytochrome  c6  phylogeny  (Schwartz  and  Dayhoff  1981)  it  is  evident 
that  there  are  two  cyanobacterial  endosymbiotic  events.  One  led  to  the  plastids  of  the 
rhodophyte  Porphyra  tenera  and  the  phaeophyte  Alaria  esculenta.  The  other  led  to  the 
plastids  ofEuglena  gracilis  and  chrysophyte  Monochrysis  lutheri.  We  however,  include 
chrysophytes  and  phaeophytes  in  the  chromophyte  line;  and  hence  the  two  cyanobac- 
terial symbiotic  events  shown  in  figure  1  are  at  the  base  of  rhodophyte  and 
chromophyte  line  respectively.  Also,  we  favour  the  view  that  euglenoid  chloroplasts 
may  have  arisen  due  to  symbiosis  between  a  chlorophycean  alga  and  a  zooflagellate. 
There  is  no  agreement  on  whether  the  mitochondria  arose  due  to  symbiosis  or  not; 
and  if  they  are  of  symbiotic  origin,  whether  they  are  monophyletic  or  polypheletic  (Raff 
and  Mahler  1972;  Dayhoff  and  Schwartz  1981;  Gray  and  Doolittle  1982).  However,  in 
figure  1  we  have  shown  appearance  of  mitochondria  as  one  endosymbiotic  event. 


5.    Geneological  analysis  of  haemoglobin  and  evolution  of  vertebrates 

It  is  conceivable  that  with  the  widespread  adoption  of  multicellularity  in  the  evolving 
eukaryotes,  the  need  for  efficient  oxygen  transport  within  an  organism  also  arose.  This 
need  was  eventually  met  by  oxygen-carrying  proteins  such  as  haemoglobins  and 
myoglobins.  The  geneology  of  these  oxygen-carrying  proteins  can  be  discerned  through 
their  amino  acid  sequences. 

Haemoglobin  is  a  monomer  in  many  species  of  invertebrates  in  which  it  is  found 
(Wittenberg  et  al  1965)  as  well  as  in  the  root  nodules  of  leguminous  plants  (Kellin  and 
Wang  1945).  It  is  also  a  single-chained  protein  in  the  primitive  jawless  vertebrate 
(lamprey).  The  myoglobin  found  in  the  vertebrate  muscle  tissue  is  also  a  monomeric 
protein.  On  the  other  hand,  the  haemoglobin  of  vertebrate  is  a  tetramer  containing  two 
types  of  chains.  In  vertebrates,  different  kinds  of  haemoglobins  appear  during 
development  and  growth.  In  man,  the  principal  kind  of  haemoglobin  in  the  adult 
contains  two  alpha  and  two  beta  chains.  The  minor  adult  haemoglobin  contains  two 
alpha  and  two  delta  chains.  At  the  time  of  birth,  a  foetal  type  containing  two  alpha  and 
two  gamma  chains  is  present.  Early  in  foetal  life,  alpha-like  zeta  chains  and  beta-like 
epsilon  chains  also  appear  for  a  brief  period.  All  these  polypeptide  chains  are 
paralogous  proteins. 

The  haemoglobin-myoglobin  family  of  proteins  contains  the  same  heme  group,  iron 
(II)  protoporphyrin  IX  (Perutz  1976),  in  each  polypeptide  chain.  Therefore,  it  is  the 
variation  in  the  sequence  of  the  polypeptide  chains  that  distinguishes  one  globin  from 
another.  The  x-ray  crystallographic  data  support  the  sequence  homology  found  in 
different  polypeptide  chains  of  haemoglobins.  In  fact,  three-dimensional  structures  of 
haemoglobins  of  root  nodules  of  leguminous  plants  (Vainshtein  et  al  1975)  an  annelid 
Glycera  dibranchiata  (Padlan  and  Love  1968),  an  insect  Chironomus  thummi  (Hubber 
et  al  1971),  a  lamprey  Petromyzon  marinus  (Hendrickson  et  al  1973),  as  well  as  that  of 
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mammalian  myoglobins  and  haemoglobin  chains  (Perutz  et  al  i960)  are  remarkably 
similar. 

Ingram  (1961)  suggested  an  evolutionary  scheme  for  haemoglobin.  According  to 
this  scheme,  haemoglobin  arose  by  duplication  of  a  single  ancestral  gene  followed  by 
mutation  and  translocation;  and  by  repetition  of  the  same  process,  genes  for  alpha, 
beta,  gamma  and  delta  chains  arose  in  that  order.  The  phylogenetic  trees  derived  by 
utilising  UWPG  method  and  APSD  coefficient  method  by  Barnabas  et  al  (1971)  and 
Goodman  et  al  (1971)  as  well  as  those  derived  by  utilising  MP  method  by  Goodman  et  al 
(1974)  confirmed  Ingram's  scheme  and  further  traced  the  evolutionary  history  of 
haemoglobins. 

The  Precambrian  and  Cambrian  globin  ancestors  descending  from  the  invertebrate- 
chordate  ancestor  to  the  primordial  vertebrate  ancestor  were  single-chained  globins. 
The  myoglobin-haemoglobin  gene  duplication  took  place  in  the  primitive  vertebrates, 
after  the  divergence  of  the  lampreys.  The  alpha-beta  gene  duplication  took  place  in  the 
common  ancestor  of  teleosts  and  tetrapods.  By  the  Silurian  period,  about  400  million 
years  ago,  the  last  common  ancestor  of  teleost  and  tetrapods,  as  a  result  of  preceeding 
alpha-beta  gene  duplication,  had  already  acquired  the  ability  to  form  tetrameric 
haemoglobins.  About  250  million  years  later,  in  the  primitive  therian  mammalian 
lineage,  after  the  divergence  of  monotremes  but  before  the  marsupial-placental  split, 
duplication  in  the  beta  gene  separated  the  ancestral  locus  for  the  primate  gamma  and 
the  marsupial  beta  chains  from  the  locus  for  typical  mammalian  beta  chains.  The  beta 
globin  gene  further  underwent  a  gene  duplication  in  the  higher  primate  stem  giving  rise 
to  the  delta  globin  gene. 

The  sequence  organisation  of  globin  genes  in  man  has  been  established.  The 
sequence  arrangement  of  alpha-like  genes  which  are  located  on  chromosome  16  is  5'-(2- 
f  l-^al-a2-al-3'  and  that  of  beta-like  genes  which  are  located  on  chromosome  1 1  is  5'- 
\lfp2-£-Gy^y-\l/pl-d-p-?>'  (Lauer  et  al  1980;  Dayhoff  et  al  1981).  The  presence  of  intra- 
species  tandem  duplicates  at  the  alpha  chain  locus  is  widespread  in  animal  species. 
Recently,  a  suggestion  has  been  made  that  regions  coding  for  alpha  chains  have  been  in 
duplicate  since  the  time  of  amniote  ancestor  and  that  duplicate  alpha  chain  genes  have 
evolved  in  concert  over  evolutionary  time  (Zimmer  et  al  1980). 

A  phylogenetic  tree  of  representative  globin  sequences  is  shown  in  figure  2.  By 
combining  information  from  this  tree  as  well  as  from  the  three-dimensional  structures 
of  globins  and  sequence  organization  of  globin  genes,  functional  innovations  of 
haemoglobins  over  evolutionary  time  could  be  discerned. 

Two  parameters  which  give  a  measure  of  functional  properties  of  haemoglobins  are 
cooperativity  in  oxygen-binding  and  oxygen  affinity.  The  former  can  be  expressed  in 
terms  of  Hill's  coefficient  n;  whereas  the  latter  can  be  measured  in  terms  of  P50  value 
which  is  inversely  related  to  it. 

The  three-dimensional  structural  analysis  of  haemoglobins  has  shown  that  there  are 
a  number  of  amino  acid  residues  which  have  defined  functional  roles  (Perutz  et  al  1968). 
Among  them,  amino  acid  residues  at  ax  /}2  contact  sites  and  those  that  are  involved  in  C- 
terminal  salt  bridge  formation  are  primarily  responsible  for  the  cooperativity  in 
tetrameric  haemoglobin.  Amino  acid  residues  that  are  involved  in  heme  contact  sites, 
ax  fa  contact,  and  those  that  are  responsible  for  the  Bohr  effect  (Kilmartin  and  Rossi- 
Bernardi  1969)  and  2,3-DPG  binding  (Arnone  1972)  also  have  important  roles  in 
haemoglobin  function.  Moreover,  it  has  been  established  that  haemoglobin  tetramer 
achieves  cooperativity  in  oxygen  binding  due  to  its  ability  to  transit  between  two 
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Figure  2.  A  phylogenetic  tree  of  14  globin  sequences.  The  tree  was  drawn  by  using  parsimony 
method  of  Barnabas  er  al  (1978, 1980).  Theamino  acid  sequences  are  from  man  (Homo  sapiens) 
alpha,  chicken  (Gallus  gallus)  alpha,  newt  (Taricha  granulosa)  alpha,  bony  fish  (Catostomus 
clarkii)  alpha,  human  beta,  human  delta,  human  gamma,  Kangaroo  (Macropus  giganteus)  beta, 
chicken  beta,  frog  (Rana  catesbeiana)  beta,  human  myoglobin,  sperm  whale  (Physeter  catadon) 
myoglobin,  lamprey  (Petramyzon  marinus)  globin  and  glycera  (Glycera  dibranchiata)  globin. 
Numbers  represent  nucleotide  replacements  between  ancestor  and  descendant  sequences, 
derived  from  MP  method. 


conformational  states.  The  low  oxygen  affinity  state,  the  T  state,  corresponds  to 
deoxyhaemoglobin  whereas  the  high  oxygen  affinity  (R)  state  refers  to  oxyhaemoglobin 
(Perutz  and  TenEyck  1971). 

In  globin  genes,  there  are  three  coding  blocks  (exons)  separated  by  two  noncoding 
sequences  (introns)  (Jeffreys  and  Flavell  1977;  Tilghman  et  al  1978).  Eaton  (1980) 
analysed  the  range  of  haemoglobin  function  in  terms  of  the  three  exons.  It  was  shown 
that  the  central  exon-encoded  fragment  has  most  of  the  at  /?2  contact  sites  and  heme 
contacts,  whereas  o^/?!  contact  sites  are  located  predominently  in  the  right  exon- 
encoded  fragment.  The  other  functionally  important  sites  are  distributed  in  the  left  and 
the  right  fragments.  Recently  Go  (1981)  has  suggested  that  there  are  four  domains  in 
globins  (Fl  to  F4).  The  Fl  and  F4  correspond  to  the  left  and  right  exons  whereas  F2  and 
F3  correspond  to  the  central  exon  which  could  be  a  fusion  product  of  two  exons. 
Interestingly,  Jensen  et  al  (1981)  showed  that  in  soybean  leghaemoglobin  gene  an 
additional  intron  is  found  in  the  central  exon  between  residues  68  and  69. 

In  figure  2,  the  most  ancestral  branching  point  is  the  ancestor  of  Glycera 
(invertebrate)  and  lamprey.  The  haemoglobins  of  Glycera  (Vinogradov  et  al  1970)  as 
well  as  leghaemoglobin  (Imamura  et  al  1972)  and  vertebrate  myoglobin  (Rossi-Fanelli 
and  Antonini  1958)  exhibit  a  value  of  n  close  to  unity  and  a  small  P50  value.  However, 
lamprey  haemoglobin  exhibits  a  value  of  n  =  1-2  at  pH  6-8  (Wald  and  Riggs  1951),  an 
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unusual  property  for  monomeric  haemoglobin.  The  weak  cooperativity  of  lamprey 
haemoglobin  is  due  to  its  capability  to  form  dimers  when  deoxygenated  and  dissociate 
when  saturated  with  oxygen  (Briehl  1963).  Li  and  Riggs  (1970)  after  comparing  the 
amino  acid  residues  forming  the  o^  j?2  contact  area  in  horse  haemoglobin  with  residues 
at  analogous  positions  in  lamprey  haemoglobin  suggested  that  a  contact  similar  to  the 
«1j52  contact  area  of  mammalian  haemoglobins  is  present  in  lamprey  haemoglobin. 
Love  et  al  (1971)  showed  that  the  overall  configuration  of  the  C-helix,  CD  corner,  and  FG 
corner  of  lamprey  haemoglobin  is  similar  to  that  of  mammalian  haemoglobins.  Also, 
Hendrickson  et  al  (1973)  suggested  the  involvement  of  the  C-helix  and  FG  corner  in  the 
formation  of  lamprey  homodimers.  These  results  collectively  suggest  that  rudiments  of 
the  okip2  contact  sites  were  present  in  the  vertebrate  globin  ancestor.  Functional 
innovations  of  haemoglobins  over  evolutionary  time  have  been  discussed  in  detail  in  a 
recent  paper  by  Furtado  et  al  (1982). 

From  the  available  information,  we  could  also  deduce  the  nature  of  primordial 
globin  gene.  Since  most  of  the  heme  contact  sites  are  in  the  F2  and  F3  regions,  it  is 
probable  that  F2  and  F3  domains  acted  together  in  the  primordial  haemoglobin  to 
form  the  hydrophobic  heme  pocket.  An  indirect  support  for  this  contention  comes 
from  the  studies  of  Craik  et  al  (1981)  who  showed,  by  excising  the  central  exon- 
encoded  fragment  (F2  and  F3  together),  that  it  has  structural  potential  for  providing  a 
tight  and  specific  binding  site  for  heme  and  the  fit  is  sharpened  by  the  addition  of  the  N 
and  C-terminal  fragments.  Of  particular  interest,  is  the  observation  that  the  complex 
between  the  central  exon-encoded  fragment  and  heme  shows  characteristics  of 
cytochromes  b5  and  c551  (Argos  and  Rossmann  1979).  This  suggests  an  ancient 
function  for  the  fragment  encoded  by  the  central  exon.  This  function  is  unlikely  to  be  an 
oxygen-carrying  property,  since  the  cytochromes  have  their  origin  in  the  Archean  when 
the  atmosphere  was  anaerobic  (Cloud  1968).  Since  the  heme  binding  site  (F2  His)  is 
located  in  the  F3  region,  we  consider  this  domain  as  the  most  ancestral  one.  It  is 
conceivable  that  with  the  establishment  of  free  oxygen  in  the  atmosphere  and  the 
eventual  appearance  of  multicellular  eukaryotes,  the  need  for  a  good  oxygen  carrying 
protein  became  necessary.  One  could  visualise  the  single-chained  primordial  globin 
having  the  four  domains  meeting  this  need.  However,  it  is  likely  that  the  central  exon 
was  interrupted  by  an  intron  in  primordial  globin  gene  as  in  leghaemoglobin  gene. 
Since,  introns  increase  the  probability  of  recombination  (Gilbert  1978),  the  presence  of 
an  intron  interrupting  the  central  exon  would  be  disadvantageous  to  organisms  where 
haemoglobins  play  a  crucial  role  as  in  higher  vertebrates.  On  the  basis  of  this,  the 
presence  of  an  intron  interrupting  central  exon  would  be  ancient  in  origin.  This  intron 
was  eliminated  in  higher  vertebrate  globin  genes  while  it  was  retained  in  the 
leghaemoglobin  gene.  It  is  interesting  to  note  that  the  myoglobin  gene  branch  which 
diverges  after  the  separation  of  the  lamprey  branch  (figure  2)  does  not  contain  an  intron 
interrupting  the  central  exon  (Blanchelot  et  al  1983). 

As  evolutionary  time  advanced,  a  gene  duplication  in  the  vertebrate  globin  stem 
separated  the  myoglobin  branch  from  the  haemoglobin  branch.  The  myoglobin 
apparently  lost  the  weak  cooperativity  which  its  globin  ancestor  possessed.  This  is 
probably  due  to  replacements  of  uncharged  amino  acids  at  some  of  the  OLI  f}2  contact 
sites  by  charged  amino  acids  (C3  Glu,  C7  Lys,  CD2  Asp,  FG3  His,  and  FG4  Lys). 

The  next  major  event  in  the  evolutionary  history  of  globins  is  a  gene  duplication  that 
separated  the  alpha  and  beta  globin  branches  (figure  2).  Subsequently,  evolving 
monomeric  haemoglobins  developed  the  capability  to  form  tetramers  as  well  as  to 
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transit  between  two  conformational  states.  The  interactions  constraining  the  haemo- 
globin in  the  T  state  are  salt  bridges  formed  by  the  C-terminal  amino  acid  residues, 
removal  of  which  results  in  drastic  lowering  of  cooperativity  (Kilmartin  and  Hewitt 
1971).  The  residues  involved  in  salt  bridge  formation  are  HC3  a  Arg,  HC3  ft  His,  NA1  a 
Val,  H9  a  Asp,  C5  a  Lys  and  FG1  ft  Asp.  From  among  these,  the  amino  acid  residues  at 
HC3  a,  H9  a,  C5  a  and  FG1  ft  evolved  only  after  the  alpha-beta  divergence. 

Among  the  y.1ft2  contact  sites,  some  are  conserved  during  evolution,  while  some 
others  such  as  C3,  C5,  C6,  C7,  CD2,  FG4,  G3  and  HC3  change  in  the  alpha  and  beta 
globin  branches,  each  branch  conserving  a  specific  amino  acid.  Replacement  of  specific 
amino  acid  at  these  sites  in  either  alpha  or  beta  chains,  results  in  increased  oxygen 
affinity,  and  decreased  cooperativity.  For  example,  both  HbJ  Capetown,  FG4  a  (Arg 
-»Gln)  and  Hb  Malmo  FG4  ft  (His  ->  Gin)  have  high  oxygen  affinity  and  low 
cooperativity  with  n  values  of  2-2  and  1-58  respectively  (Bellingham  1976).  These  results 
suggest  that  the  o^  ft2  contact  sites  that  evolved  after  alpha-beta  divergence  have  played 
a  significant  role  in  the  development  of  the  two  alternate  conformations  ofa1fi2  contact 
area  essential  for  the  T  -+  R  transition;  and  hence  for  enhanced  cooperativity  in  oxygen 
binding.  It  may  be  noted  that  the  T  state  has  preference  for  proton  binding  over  the  R 
state.  When  this  happens  T  state  gains  free  energy  and  R  -*•  T  equilibrium  is  shifted  in 
favour  of  T  state.  Clearly,  lowering  of  pH  (when  more  protons  are  released)  causes  a 
shift  to  the  T  state  (Bohr  effect).  Thus,  in  the  vicinity  of  actively  metabolising  tissues 
where  the  pH  is  lower  than  in  the  lungs,  oxygen  can  be  unloaded.  Conversely,  in  the 
lungs  where  CO2  is  removed  from  the  blood,  the  pH  rises  and  causes  a  shift  in 
equilibrium  to  the  R  state  and  as  a  consequence,  haemoglobin  can  take  up  oxygen.  This 
behaviour  of  the  haemoglobin  tetramer  is  advantageous  to  large  and  mobile  animals 
since  by  this  mechanism  efficiency  of  oxygen  transport  is  greatly  increased. 


6.    Mammalian  phytogeny 

An  overview  of  evolution  of  diverging  mammals  can  be  obtained  by  constructing 
phyiogenetic  trees  based  on  orthologous  globin  sequences  (Barnabas  1976).  The  alpha 
and  the  beta  chain  sequences  of  mammalian  globins  were  combined  and  were  treated  as 
one  orthologous  set  for  deriving  phylogeny  (figure  3). 

The  living  mammals  consist  of  monotremes,  marsupials  and  placentals. 
Monotremes,  though  unknown  in  the  fossil  record  till  the  Pleistocene  epoch,  are 
known  to  be  the  most  primitive  of  mammals.  On  the  other  hand,  marsupials  and 
placentals  appear  for  the  first  time  at  the  end  of  Cretaceous  (Romer  1966).  The  final 
phase  of  mammalian  radiation  took  place  in  the  Cenozoic  era  during  which  time  the 
primitive  mammals  evolved  along  various  lines  giving  rise  to  the  successful  mammals  of 
modern  age.  From  figure  3,  it  is  evident  that  the  basic  pattern  of  globin  gene  evolution 
of  mammals  resembles  closely  the  traditional  taxonomy  of  mammalian  species  in  which 
these  globin  genes  are  present.  In  the  line  leading  to  mammalian  stem,  the  first  branch 
to  separate  is  that  of  echidna  (Monotremata)  followed  by  the  marsupial  (Kangaroo) 
branch.  In  the  eutherian  (placental)  line  of  descent,  Carnivora  branch  (dog)  and 
Rodentia  branch  (mouse)  separate  in  that  order  prior  to  the  ungulate-primate  split. 
From  the  fossil  evidence,  it  appears  that  carnivores  arose  from  a  carnivorous 
palaeoryctoid  stock,  and  that  the  modern  carnivore  group  developed  from  their 
miacoid  ancestors  by  Oligocene  time  (McKenna  1969).  The  origin  of  rodents  is  obscure 
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Figure  3.  A  phylogenetic  tree  of  combined  alpha-beta  chain  sequences  of  haemoglobins.  The 
amino  acid  sequences  are  from  man,  chimpanzee  (Pan  troglodytes),  gorilla  (Gorilla  gorilla), 
rhesus  monkey  (Macaca  mulatta),  grass  monkey  (Ceropithecus  aethiops),  langur  (Presbytis 
entellus),  spider  monkey  (Ateles  geoffroyi),  capuchin  monkey  (Cebus  apella),  tarsier  (Tarsius), 
slow  loris  (Nycticebus  coucang),  tree  shrew  (Tupaia  glis),  goat  (Capra  sp),  sheep  (Ovis  aries),  ox 
(Bos  taurus),  horse  (Equus  caballus),  mouse  (Mus  musculus),  dog  (Canisfamiliaris),  kangaroo 
and  echidna  (Tachyglossus  aculeatus). 

in  the  fossil  record.  However,  when  they  appear,  they  possessed  many  features  shared 
with  early  primates  and  primate-like  insectivores  (McKenna  1969;  Romer  1966). 

In  the  ungulate  line  of  descent,  perrisodactyl  branch  (horse)  separate  prior  to 
branches  of  artiodactyls.  In  the  artiodactyl  line  represented  by  the  ruminants  (ox,  sheep 
and  goat),  ox  branch  separates  prior  to  branches  of  caprines  (sheep  and  goat).  The  most 
primitive  of  the  ungulates,  the  condylarths,  appear  in  the  sediments  of  early  Paleocene 
age  (Colbert  1970).  The  ancestors  of  artiodactyls  were  also  condylarths.  Two  major 
radiations  of  the  artiodactyls  appear  to  have  taken  place  in  succession:  one  throughout 
Eocene  and  the  other  at  the  close  of  Eocene  and  beginning  of  Oligocene  (Van  Vallen 
1971). 

The  order  primates  includes  not  only  lemurs,  monkeys  and  apes  but  man  himself.  It 
seems  clear  that  primates  arose  from  insectivore  ancestors.  Ancestral  primates  had 
become  defined  by  the  beginning  of  Cenozoic  times.  An  initial  radiation  of  primitive 
primates  was  in  the  Paleocene  and  Eocene  and  these  are  represented  by  lemurs,  lorises 
and  tarsiers.  Of  special  interest  are  the  primate-like  forms  which  appear  in  the  fossil 
record  in  the  middle  Paleocene  (Romer  1966).  After  the  divergence  of  these  prosimians. 
there  was  another  radiation  in  the  upper  Eocene  and  following  geologic  periods;  and 
these  are  represented  by  monkeys,  apes  and  man  (Colbert  1970).  In  figure  3,  the  most 
ancestral  branch  in  the  primate  line  of  descent  is  that  of  the  tree  shrew.  The  living  tree 
shrew  is  often  regarded  as  a  primate  although  there  is  a  controversy  about  it.  The  next 
branch  to  separate  from  the  primate  stem  is  the  prosimian  branch  represented  by  slow 
loris.  This  is  followed  by  the  tarsier  branch  which  is  placed  between  lorises  on  the  one 
hand,  and  the  anthropoids  on  the  other.  This  arrangement  is  in  agreement  with  Colbert 
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(1970)  who  places  tarsier  in  a  separate  suborder  Tarsoidea.  However,  the  position  of 
tarsier  in  primate  classification  is  still  controversial.  The  anthropoid  branch  further 
separates  into  platyrrhines  (capuchin  monkey  and  spider  monkey)  and  catarrhines.  The 
latter  branch  further  separates  into  Old  World  monkeys  (langur,  grass  monkey  and 
rhesus  monkey)  and  hominoids  (gorilla,  chimpanzee  and  man).  In  the  Old  World 
monkey  line,  langur  which  is  a  colobine  monkey  separates  from  the  cercopithecines 
(rhesus  monkey  and  grass  monkey).  Clearly,  the  primate  phylogeny  derived  from 
haemoglobin  sequences  closely  parallels  the  traditional  taxonomy  of  primates  except 
that  man  and  chimpanzee  appear  as  a  single  line.  In  fact,  this  single  line  is  due  to  the  fact 
that  chimpanzee  carries  the  same  adult  haemoglobin  as  man.  This  indicates  that  either 
the  common  ancestor  of  man  and  chimpanzee  lived  closer  in  time  than  what  is  generally 
accepted  or  the  alpha  and  beta  chains  of  haemoglobins  have  not  changed  in  man  and 
chimpanzee  since  the  time  of  their  common  ancestor.  However,  from  paleontological 
evidences  it  is  clear  that  the  fossil  apes  known  as  dryopithecines  which  appeared  in  the 
middle  of  Miocene  times  were  ancestral  to  apes  and  man  (Romer  1966).  Also,  a  form 
known  as  Ramapithecus  which  appeared  in  the  Siwalik  hills  of  the  Punjab,  12-14 
million  years  ago,  may  be  the  first  step  towards  man  (Day  1973). 
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Development  of  organopfaosphonis  and  carbamate-resist ance  in  Indian 
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Abstract.  Larvae  of  two  Indian  strains  of  Anopheles  stephensi  were  highly  susceptible  to 
chlorpyrifos,  temephos,  dichlorvos,  fenitrothion,  fenthion  and  malathion  but  not  to  carba- 
mates,  DDT  and  y-HCH.  Both  strains  upon  continuous  and  intense  larval  selection  under 
laboratory  conditions,  developed  high  level  of  resistance  to  malathion  and  moderate  levels  to 
fenitrothion,  fenthion,  and  temephos.  However,  selection  with  propoxur  did  not  produce 
resistance  in  both  strains.  Larval  selection  could  not  induce  any  tolerance  in  adults.  In  general, 
selection  with  op-compounds  induced  cross-tolerance  to  other  op-compounds,  organochlor- 
ines  and  carbamates.  Malathion-selection  caused  high  cross  resistance  to  fenitrothion  while, 
fenitrothion  selection  produced  high  cross-resistance  to  malathion. 

Keywords.  Anopheles  stephensi;  larval  selection;  op-compounds;  cross-tolerance;  cross- 
resistance. 


1.    Introduction 

Recent  resurgence  of  malaria  in  many  parts  of  the  world  including  India  is  largely 
attributed  to  the  development  of  organochlorine-resistance  by  major  vectors  of  malaria. 
In  India,  many  strains  of  Anopheles  stephensi,  an  important  vector  of  malaria  in  urban 
areas  were  reported  to  have  become  resistant  to  DDT  and  y-HCH  since  1955  (Bhombore 
et  al  1963;  Rajagopalan,  et  al  1956;  Rao  and  Sitaraman  1964;  Roy  et  a!  1978).  Prolonged 
use  of  malathion  in  mosquito  control  operations  has  resulted  in  malathion-resistance  in 
A.  stephensi  in  Iran  (Manouchehri  et  al  1975,  1976),  Iraq  (Manouchehri  et  al  1980), 
Pakistan  (Rathor  et  al  1980;  Rathor  and  Toquir  1980)  and  in  A.  culicifacies  from  India 
(Rajagopal  1977;  Herath  and  Davidson  198 la).  First  instance  of  a  vector  of  malaria 
developing  multi-resistance  came  from  Central  America  where  field  populations  of  A. 
albimanus  became  resistant  to  many  op-compounds  and  carbamates  as  a  result  of 
extensive  use  of  these  chemicals  in  cotton  insect  control  (Ariaratnam  and  Georghiou 
1971).  Reports  on  development  of  resistance  in  anopheline  mosquitoes  are  now  on  an 
increase  and  many  of  them  have  also  developed  cross-tolerance  to  related  and  unrelated 
compounds  (WHO  1980). 

A  control  programme  of  malaria  involving  use  of  insecticides  has  to  rely  largely  on 
the  op  and  carbamate  insecticides  as  no  other  potent  alternatives  are  available  due  to 
many  constraints  in  the  development  of  newer  insecticides.  Therefore,  it  was  interesting 
to  evaluate  how  far  the  op-  and  carbamates  would  be  useful  in  controlling  populations 
of  A.  stephensi  on  a  long  term  basis  as  and  when  they  are  employed  in  mosquito 
abatements.  With  this  in  view  laboratory  studies  on  the  speed  of  selection  of  two  field- 
collected  strains  of  A.  stephensi  for  resistance  to  malathion,  fenitrothion,  fenthion, 
temephos  and  propoxur  and  their  cross-resistance  patterns  to  other  compounds  were 
carried  out  and  the  results  are  reported  here. 
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2.    Materials  and  methods 

Strains  of  A.  stephensi  employed  in  the  present  study  originated  from  engorged  adult 
females  collected  from  cattle  sheds  in  Basantpur  village  in  Haryana  state  and  Okhla 
village  in  New  Delhi  during  April-May,  1979  and  since  then  maintained  in  the 
laboratory  at  28±2°C,  80±5%  RH  and  14 hr  of  artificial  daylight  and  lOhr  of 
darkness.  The  adults  were  held  in  cages  and  the  eggs  were  allowed  to  hatch  in 
dechlorinated  tapwater  in  enamel  bowls.  The  larvae  were  reared  in  large  enamel  trays 
(36  x  30  x  5  cm)  containing  water  and  provided  with  finely  powdered  dog  biscuits  and 
yeast  in  the  ratio  of  3:2.  The  rearing  water  was  changed  on  alternate  days  until 
pupation.  Under  laboratory  conditions,  pupation  was  completed  in  8  to  15  days.  The 
pupae  were  collected  in  small  enamelled  bowls  with  water  and  kept  in  cloth  cages  (30 
x  30x30  cm)  for  adult  emergence.  Adults  were  fed  on  freshly  water-soaked,  split 
raisins.  Water  was  provided  in  the  form  of  a  wet  cotton  pad  kept  at  the  top  of  the  cage. 
The  adults  were  given  3  days  for  mating  and  on  the  fourth  day,  females  were  given  blood 
meal  using  albino  rat.  Prior  to  each  blood  meal,  females  were  starved  completely  for 
24  hr  by  removing  the  raisins  from  the  cages. 

The  insecticides  used  were  95  to  98%  pure.  Chemical  names  of  some  of  the 
insecticides  employed  in  the  present  studies  are: 

(i)  fenthion:  0,0-dimethyl  0-(4-methylthio)-m  tolyl  phosphorothioate. 

(ii)  temephos:  0,0,0',0'-tetramethyl  0,0'  thiodi-p-phenylene 

phosphorothioate. 

(iii)  fenitrothion:  0,0-dimethyl  0-(4-nitro-m-tolyl)  phosphorothioate. 

(iv)  chlorpyrifos:  0,0-diethyl  0-(3,5,6-trichloro-2-pyridyl)  phosphorothioate. 

(v)  dichlorvos:  2,2-dichlorothenyl  dimethyl  phosphate, 

(vi)  propoxur.  0-isopropoxy  phenyl  methyl  carbamate. 

(vii)  carbaryl:  1-naphthalenyl  methyl  carbamate. 

(viii)  carbofuran:  2,3-dihydro-2,2-dimethyl  7-benzofuranyl  methyl  carbamate. 

The  susceptibility  of  the  larvae  to  various  insecticides  was  determined  using  early 
fourth  instar  larvae  (WHO  198  la).  In  all  the  tests,  larvae  of  the  F3  generation  of  the  field 
collected  strains  were  used.  All  the  tests  were  replicated  four  times  each  and  the  correct 
percentage  mortality  was  calculated  according  to  Abbott's  formula.  The  LC50  and  LC90 
values  were  determined  from  dosage-mortality  lines  plotted  on  log-probit  paper  (Codex 
320-76).  The  adult  susceptibility  was  also  determined  using  the  standard  method  for 
testing  adult  susceptibility  (WHO  1981b).  The  adults  were  exposed  for  different  time 
intervals,  i.e.  for  30,  60, 120,  240  min  to  diagnostic  doses  of  DDT  (4%),  dieldrin  (0.4%j, 
malathion  (5%),  fenthion  (2-5%),  fenitrothion  (1%)  and  propoxur  (0-1%)  and  the 
mortality  was  recorded  after  24  hr.  The  LT50  and  LT90  values  were  calculated  from  the 
d-m  lines  plotted  on  log-probit  paper.  Tests  were  performed  only  on  3-day  old,  fully 
blood-fed  adult  females.  Each  test  had  4  replicates  of  20  mosquitoes  each  with  similar 
controls. 

Larval  selection  was  performed  by  exposing  100  to  150  early  fourth  instar  larvae,  in 
10  to  12  batches  for  24  hr,  in  glass  jars  (450  ml)  containing  249  ml  of  water  and  1  ml  of 
the  required  concentration  of  the  insecticide  solution  in  ethanol.  The  solution  was 
thoroughly  stirred  and  kept  for  24  hr.  The  dosage  was  adjusted  in  every  generation  so  as 
to  cause  80  to  90%  mortality  of  the  larvae.  The  surviving  larvae  were  separated  and 
thoroughly  rinsed  with  water  and  transferred  to  water-filled  trays  with  food.  The  adults 
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were  blood  fed,  eggs  were  collected,  hatched  and  thus  the  cycle  continued.  Thus  20 
successive  generations  were  selected  with  propoxur,  malathion,  fenthion,  fenitrothion 
and  temephos.  The  data  were  subjected  to  computer  analysis  of  the  regression  of  probit 
mortality  on  log-dosage  and  the  LC50 ,  LC90 ,  slope  about  the  linear  regression  line  were 
computed  using  complex  mathematical  formula  (Finney  1971)  programmed  on  an  HP 
21  mx  computer  and  100  iterations  were  performed  for  each  group.  Resistance-ratio  was 
calculated  by  dividing  the  final  LC50  value  of  the  insecticide  selected  strain  by  LC50  of 
the  susceptible  parental  strain.  Cross-resistance  of  larvae  of  each  of  the  F5 ,  F 1 0 ,  F 1 5  and 
F20  insecticide  selected  generations  to  other  insecticides  was  also  determined.  The  cross- 
resistance  ratio  was  calculated  similarly  as  the  resistance  ratio.  The  data  were  subjected 
to  regression  analysis  as  described  earlier. 


3.    Results  and  discussion 

Larval  susceptibility  of  Delhi  and  Haryana  strains  of  A.  stephensi  to  11  insecticides  is 
given  in  table  1.  Moderate  tolerance  to  both  DDT  and  y-HCH  may  be  due  to  pre-existing 
resistance  as  these  compounds  are  extensively  used  in  mosquito  control  programmes  in 
India.  Among  the  organophosphates,  chlorpyrifos  was  most  toxic  followed  by 
temephos.  Chlorpyrifos  is  not  commonly  used  as  spray  in  India  but  resistance  to 
chlorpyrifos  has  been  reported  in  A.  sacharovi  from  Turkey  (Ramsdale  et  al  1980). 
Temephos  though  proved  lethal  to  larvae  of  Delhi  and  Haryana  strains,  gave  less 
percentage-mortality  in  one  field  strain  of  A.  stephensi  collected  from  Madras,  India 
(Roy  et  al  1978).  Malathion  and  fenthion  were  equitoxic  to  both  Indian  strains  and 

Table  1 .    Larval  LC50  and  LC90  levels  (in  ppm)  of  Delhi  and  Haryana  strains  of  A.  stephensi. 


Insecticide 

Delhi 

Haryana 

LC50 

LC90 

Slope 

LC50 

LC90 

Slope 

Malathion 

0004 

O01 

3-038 

0010 

0030 

2-856 

(O003-O005) 

(O008-O017) 

(O008-0030) 

(O022-O-050) 

Fenitrothion 

0002 

O005 

2-420 

0-0025 

O006 

3-693 

(0001-0-002) 

(0004-O009) 

(O002-0-003) 

(O004-0-008) 

Fenthion 

O004 

0014 

2-290 

0002 

O005 

3-378 

(O003-0005) 

(0009-0-025) 

(0001-0002) 

(O004-0-007) 

Temephos 

O0008 

O002 

3-533 

O0008 

O002 

3-202 

(00006-0-001) 

(0001-0003) 

(O0006-0-001) 

(O001-O003) 

Chlorpyrifos 

0-0002 

00006 

2-633 

00009 

O002 

1-800 

(0-0002-0-0003)  (0-0005-0-001) 

(O0007-0-002) 

(O001-0-003) 

Dichlorvos 

0003 

0018 

2-380 

0005 

O019 

2-277 

(O002-O007) 

(0-013-0-031) 

(0004-0007) 

(O014-0034) 

Propoxur 

O146 

0379 

3-091 

0207 

0759 

2-278 

(0117-0-181) 

(0287-0577) 

(0160-0-273) 

(O521-1-370) 

Carbaryl 

O212 

0420 

4-304 

O256 

0885 

2-382 

(0175-0-255) 

(0335-0-607) 

(0200-0-329) 

(0635-1-445) 

Carbofuran 

O250 

0502 

4-221 

O361 

0607 

5-694 

(0207-0-302) 

(0-400-0-723) 

(0307-0-426) 

(0501-0846) 

y-HCH 

0104 

0498 

1-881 

O134 

0681 

1-813 

(O078-O139) 

(0-329-0-93  1) 

(O100-0-184) 

(O433-1-383) 

DDT 

O175 

0648 

2-259 

0282 

0711 

3-191 

(0134-0-227) 

(0-458-1-105) 

(0-227-0-350) 

(0542-1-077) 

Figures  in  parentheses  indicate  upper  and  lower  fiducial  limits. 
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fenitrothion  was  2  x  and  4  x  as  toxic  as  rnalathion  to  Delhi  and  Haryana  strains 
respectively.  Field-resistance  to  malathion  and  fenitrothion  has  appeared  in  many 
anopheline  species  in  different  areas  of  the  world  (Ramsdale  et  al  1980;  Ariaratnam  and 
Georghiou  1971;  Georghiou  1972;  Herath  and  Davidson  1981c;  Rajagopal  1977). 
Potency  of  propoxur  was  greater  compared  to  other  two  carbamates  and  DDT  but  lesser 
than  y-HCH. 

On  exposure  to  discriminating  doses  of  malathion,  fenthion,  fenitrothion  and 
propoxur  adult  females  of  both  the  strains  showed  complete  mortality  in  just  30  min  of 
exposure.  However,  exposure  to  DDT  followed  by  24  hr  of  recovery  period  gave  LT50 
values  as  42  min  for  both  the  strains  (table  2).  LT50  values  with  0-4  %  dieldrin  were  50 
and  60  min  for  Delhi  and  Haryana  strains  (table  3).  It  is  clear  from  the  present  data  that 
the  two  strains  are  equally  susceptible  to  the  various  compounds  tested  as  larvicides  and 
adulticides. 

Malathion  selection  pressure  exerted  on  larvae  produced  234  and  86-fold  resistance 
in  20  generations  of  selection  in  Delhi  and  Haryana  strains  (figures  1  and  2,  table  4).  The 
j^o-setected  generation  showed  nearly  1-5  x  increase  in  slope  value  compared  to 
susceptible  parental  strain.  A  somewhat  similar  situation  was  reported  in  adults  of  A. 
stephensi  from  Pakistan  where  selection  in  laboratory  induced  20-ibld  resistance  in 
adults  (Rathor  and  Toquir  1980).  Larval-resistance  could  not  produce  any  appreciable 
tolerance  in  adults  as  100%  mortality  to  5  %  malathion  was  observed  in  adult  females 
from  selected  generation.  On  the  other  hand,  it  was  observed  in  A.  arabiensis  and  A. 

Table  2.  Susceptibility  of  adult  females  of  A.  stephensi  to  4%  DDT  impregnated  paper 
(diagnostic  dose)  of  the  susceptible  and  insecticide-selected  Delhi  and  Haryana  strains 
(expressed  as  LT50  and  LT90  in  minutes). 


Delhi 

Haryana 

females 

LT50 

LT90 

Slope 

LT50 

LT90 

Slope 

Parental  (susceptible) 

42-43 

108-74 

3-135 

42-42 

91-68 

3-829 

F20  malathion-selected 

62-03 

159-84 

3-117 

14-08 

292-14 

1-560 

F20  fenitrothion-selected 

52-29 

120-90 

3-515 

68-51 

196-92 

2-795 

F20  fenthion-selected 

43-06 

133-11 

2-615 

56-98 

183-55 

2-522 

F20  temephos-selected 

36-53 

82-31 

3-633 

48-09 

136-58 

2-827 

F20  propoxur-selected 

58-11 

147-39 

3-170 

47-37 

130-32 

2-196 

Table  3.  Susceptibility  of  adult  females  of  A.  stephensi  to  0-4  %  dieldrin  impregnated  paper 
(diagnostic  dose)  of  the  susceptible  and  insecticide-selected  Delhi  and  Haryana  strains 
(expressed  as  LT50  and  LT90  in  minutes). 


Delhi 


Haryana 


females 

LT50 

LT90 

Slope 

LT50 

LT90 

Slope 

Parental  (susceptible) 

56-12 

251-53 

1-967 

50-55 

232-57 

1-933 

F20  malathion-selected 

80-03 

195-73 

3-299 

42-43 

185-34 

2-001 

F20  fenitrothion-selected 

37-43 

258-16 

1-527 

33-83 

204-08 

1-642 

F20  fenthion-selected 

33-38 

217-06 

1-576 

34-40 

174-81 

1-815 

F20  temephos-selected 

24-86 

176-44 

1-506 

39-01 

205-84 

1-774 

F20  propoxur-selected 

43-01 

222-27 

1-796 

41-78 

111-02 

3-019 
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PROPOXUR-SEIECTED 


FENTHION-  SELECTED 


FENITROTHION-SELECTEQ 


TEMEPHOS- 
SELECTED 


.  o.ooi  o.oi  0.1  '  10 

CONCENTRATION    OF   INSECTICIDE    (ppmj 

Figure  1.  Larval  LC50  levels  of  certain  generations  of  Delhi  and  Haryana  strains  of  A. 
stephensi  selected  with  organophosphorus  compounds  and  carbamates  in  successive  gener- 
ations in  larval  stage  (mm  Haryana  strain;  i  —  i  Delhi  strain). 


Table  4.    F20  LC50  levels,  slope  and  resistance-ratios  of  Delhi  and  Haryana  strains  of 
A.  Stephensi  larvae  selected  with  insecticides. 


Delhi 

Haryana 

Insecticide 

LC50  (ppm) 

RR 

Slope 

LC50  (ppm) 

RR 

Slope 

Malathion 

0-938 

234-50 

3-972 

0-866 

86-60 

4-250 

(0-772-1-151) 

(0-718-1-050) 

Fenitrothion 

0-073 

36-50 

3-309 

0-068 

27-20 

3-494 

(0-059-0-091) 

(0-055-0-084) 

Fenthion 

0-150 

37-50 

3-157 

0-143 

71-50 

4-326 

(0-120-0-189) 

(0-097-0-161) 

Temephos 

0-052 

65-00 

3-193 

0-054 

67-50 

3-667 

(0-042-0-066) 

(0-043-0-067) 

Propoxur 

1-050 

7-19 

4-557 

1-160 

5-60 

4-387 

(0-879-1-260) 

(0-971-1-400) 

Figures  in  parantheses  indicate  upper  and  lower  fiducial  limits. 
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Figure  2.    Dosage-mortality  relationships  of  certain  generations  of  A.  stephensi  selected  with 
malathion  pressure  in  larval  stage. 


atroparvous  that  malathion-resistance  in  adults  was  not  extendable  to  larvae  (WHC 
1980).  Adult  females  of  the  F20  malathion  selected  strains  were  moderately  tolerant  tc 
4%  DDT  (LT50  =  62  min)  and  slightly  susceptible  to  04%  dieldrin  (LT50  =  42  ipin 
(tables  2  and  3). 

Malathion-selection  for  20  generations  caused  13-14  fold  cross-resistance  tc 
fenitrothion,  1 1 -fold  to  y-HCH  and  7-fold  to  DDT  in  both  strains.  No  appreciable  level  oi 
cross-resistance  to  chlorpyrifos,  dichlorvos  and  carbamates  was  observed  (table  5).  This 
type  of  cross-resistance  to  fenitrothion  has  been  observed  in  malathion-resistant  strains 
of  A.  culicifacies  from  India  (Herath  and  Davidson  1981d)  and  A.  stephensi  from  Irar 
(Herath  and  Davidson  198 Ib).  The  co-existence  of  malathion  and  fenitrothion- 
resistance  in  malathion-selected  strains  is  comparable  to  natural  populations  of  A 
albimanus  from  El  Salvador  where  the  larvae  acquired  178-fold  resistance  to  malathior 
and  45-fold  to  fenitrothion  though  the  latter  was  less  frequently  used  in  the  area 
(Georghiou  et  al  1973), 

Delhi  and  Haryana  strains  on  selection  with  fenitrothion  showed  increased  LC5C 
levels  attaining  36-5  x  and  27  x  respectively  (figure  1,  table  4).  Marked  fluctuations  in 
slope  of  the  dosage-mortality  regression  lines  were  observed  (figure  3).  Adults  were 
completely  susceptible  to  0-1  %  fenitrothion  and  moderately  tolerant  to  4  %  DDT  (table 
2).  In  strains  of  A.  albimanus  from  Haiti  and  Panama,  intense  laboratory  selection  with 
fenitrothion  could  result  only  in  3  x  increase  in  tolerance  (Georghiou  and  Caiman 
1969).  Fenitrothion-resistance  has  also  been  demonstrated  in  adults  of  A.  culicifacies 
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Figure  3.    Dosage-mortality  relationships  of  certain  generations  of  A.  stephensi  selected  with 
fenitrothion  pressure  in  larval  stage. 


from  Maharashtra  and  Gujarat  states  of  India  (Herath  et  al  1981;  Herath  and  Davidson 
198  la). 

Fenitrothion-selection  induced  198-fold  cross-resistance  to  malathion  for  Delhi 
strain  and  90-fold  for  Haryana  strain  (table  5).  Such  a  type  of  cross-resistance  was  also 
obtained  for  A.  culicifacies  from  India  resistant  to  fenitrothion  (Herath  et  al  1981; 
Herath  and  Davidson  1981d).  Also,  a  remarkable  degree  of  resistance  to  fenthion  but 
low  to  moderate  levels  to  other  op-compounds  and  carbamates  and  organochlorines 
was  observed  (table  5).  Small  increases  in  tolerance  to  fenthion  were  observed  in  C.p. 
fatigans  and  A.  albimanus  subjected  to  fenitrothion-selection  pressure  in  the  laboratory 
(Georghiou  and  Caiman  1969). 

The  Delhi  strain  when  subjected  to  selection  pressure  with  fenthion  for  20 
generations  picked  up  51-5-fold  resistance  by  F18  generation  (figure  4,  table  4). 
However,  the  level  of  resistance  slightly  declined  becoming  37-5  x  in  F20  generation 
(figures  1  and  4).  A  very  similar  pattern  was  obtained  for  the  Haryana  strain  also  (figure 
4,  table  4).  Fluctuations  in  slope  were  evident  throughout  selection,  showing  a  final 
increase  in  F20  generation.  Adult  females  were  susceptible  to  diagnostic  doses  of 
fenthion,  and  dieldrin  but  tolerant  to  4  %  DDT  (tables  2  and  3).  Tolerance  to  fenthion  has 
been  reported  in  a  multi-resistant  strain  of  A.  albimanus  from  El  Salvador  (Georghiou  et 
al  1972).  Tadano  and  Brown  (1966)  and  Thomas  (1970)  showed  that  fenthion-selection 
in  laboratory  in  C.p.  fatigans  increased  the  LC50  level  only  by  2  to  4-fold  in  22  gen- 
erations and  2-fold  in  10  generations  respectively.  It  is  interesting  to  note  from  table  5 
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that  fenthion-resistance  induced  maximum  cross-resistance  to  malathion  as  compared 
to  any  other  op-compound  tested.  A  high  rate  of  tolerance  to  y-HCH  and  moderate 
levels  to  DDT  was  observed  for  both  strains. 

From  the  dosage-mortality  regression  lines  of  temephos-selected  strains  (figure  5)  it  is 
evident  that  the  lines  of  successive  selected  generations  moved  to  the  right  thereby  the 
level  of  resistance  increased  to  65-fold  for  Delhi  strain  and  67-5-fold  for  Haryana  strain 
(table  4).  Slope  values  showed  fluctuations  with  less  appreciable  difference  in  the  F20 
generation  compared  to  parental  generation  of  both  the  strains  (table  4).  A  much  higher 
level  of  resistance  resulted  from  laboratory  selection  on  larvae  of  C.p.  quinquefasciatus 
up  to  322-fold  in  9  generations  was  obtained  by  Ranasinghe'  and  Georghiou  (1976). 
Adult  females  were  more  susceptible  to  diagnostic  dose  of  dieldrin  and  less  to  DDT 
(tables  2  and  3).  Temephos-selection  induced  very  high  tolerance  to  fenthion  and 
malathion  followed  by  fenitrothion  and  DDT  indicating  development  of  resistance  to 
compounds  with  non-identical  structures  (table  5). 

As  compared  to  the  levels  of  resistance  induced  by  op-compounds,  propoxur  could 
not  induce  noticeable  tolerance  in  larvae  of  two  strains  tested.  Variations  in  slope  were 
not  significant  (figures  1  and  6,  table  4).  On  the  contrary,  intense  selection  with 
propoxur  has  resulted  in  100  x  increase  in  larval  LC50  in  a  population  of  A.  albimanus 
from  El  Salvador  (Ariaratnam  and  Georghiou  1971)  and  in  C.p.fatigans  (Georghiou  et 
al  1966),  but  not  in  Haiti  strain  (Georghiou  and  Caiman  1969)  and  C.  tar  salts  from 
Coachella  valley,  California  (Georghiou  et  al  1974).  Propoxur-selection  induced  high 
cross-resistance  to  fenthion,  malathion,  fenitrothion,  temephos  and  DDT  but  not  to 


DELHI   STRAIN 


HARYANA  STRAIN 


CONCENTRATION  (ppm) 

Figure  6.     Dosage-mortality  relationships  of  certain  generations  of  A.  stephensi  selected  with 
propoxur  pressure  in  larval  stage. 
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other  carbamates.  In  contrast  to  present  observations,  propoxur-selected  strains 
exhibited  a  broad  spectrum  of  tolerance  to  other  carbamates  in  a  El  Salvador 
population  of  A.  albimanus  (Ariaratnam  and  Georghiou  1971)  and  in  C.p.fatigans 
(Georghiou  et  al  1966). 

It  is  evident  from  the  present  data  that  the  Indian  strains  of  A.  stephensi  are 
potentially  capable  of  developing  high  levels  of  resistance  to  malathion  under 
laboratory  conditions  and  moderate  levels  of  tolerance  to  fenitrothion,  fenthion  and 
temephos,  a  situation  well  in  agreement  with  multiple-field  resistance  reported.  From 
dosage-mortality  regression  lines  it  is  clear  that  the  slope  values  of  successive 
generations  of  selection  with  op  and  carbamate  compounds  fluctuated  with  no 
appreciable  increase  in  the  F20  selected  generation.  The  probable  reason  may  be  that 
the  population  is  heterozygous  and  may  not  be  uniformly  responding  to  the  selecting 
agent.  The  observed  changes  may  be  due  to  slow  reorganization  of  genetic  factors 
involved  in  the  development  of  resistance.  The  response  to  increasing  doses  of  toxicant 
in  successive  generations  is  slow  and  the  factors  involved  may  not  be  ail  that  powerful  to 
induce  rapid  resistance. 

Another  factor  is  the  non-extendability  of  larval-resistance  to  adults  as  the  female 
adults  of  the  selected  strains  were  susceptible  to  discriminating  doses  of  the  compounds 
tested.  This  may  be  due  to  stage-specific  resistance  mechanisms  or  simply  the  adults  and 
larvae  may  have  different  mechanisms  of  resistance  operating.  This  point  is  of  great 
interest  in  field  control  of  mosquitoes.  The  third  important  factor  that  emerges  from 
our  studies  is  the  various  types  of  cross-resistance  patterns  obtained.  Most  remarkable 
is  the  cross-resistances  between  fenitrothion  and  malathion  which  are  structurally 
unrelated  thus  reducing  the  choice  of  one  of  them  being  used  as  alternative  in  mosquito 
control.  Besides,  it  was  also  observed  that  strains  selected  with  propoxur,  fenthion, 
fenitrothion  and  temephos  showed  remarkable  tolerance  to  malathion  and  the  reverse 
was  not  true.  A  similar  situation  where  compounds  with  disparate  structures  showing 
cross-resistance  to  each  other  has  been  encountered  in  parathion-selected  strains  of  A. 
albimanus  showing  unusual  tolerances  to  other  op  compounds  (Ayad  and  Georghiou 
1979). 

It  may  be  concluded  from  the  present  studies  that  the  Indian  strains  of  A.  stephensi 
have  the  innate  ability  to  develop  resistance  to  op-compounds  but  not  to  propoxur.  The 
resistance  develops  very  slowly  in  larvae  and  does  not  extend  to  adults.  These  selected 
strains  are  capable  of  developing  cross-tolerances  to  other  similar  compounds.  These 
findings  also  suggest  that  the  long  term  efficacy  of  these  op  compounds  as  alternatives 
in  mosquito  control  programmes  is  very  limited. 
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Alterations  In  gene  expression  during  senescence 

M S  KANUNGO 

Department  of  Zoology,  Banaras  Hindu  University,  Varanasi  221 005,  India 

Abstract.  Data  on  the  kinetics,  peptide  maps,  induction  and  isoenzyme  pattern  of  enzymes 
of  rats  show  that  functional  changes  in  genes  lead  to  aging  in  eukaryotes.  Covalent 
modifications,  such  as  acetylation  and  phosphorylation,  of  chromosomal  proteins  which  are 
complexed  with  eukaryotic  DNA  to  form  the  chromatin,  decrease  with  age.  Digestion  of  the 
chromatin  DNA  by  the  endonucleases,  DNase  I  that  cuts  DNA  at  10  base  pair  intervals  and 
micrococcal  nuclease  (MCN)  that  cuts  the  linker  DNA,  were  carried  out  to  probe  the 
conformational  changes  in  chromatin.  Whereas  digestion  by  DNase  I  significantly  decreases 
with  age,  the  digestion  by  MCN  does  not.  Thus  the  chromatin  undergoes  increasing 
compaction  in  non-dividing  cells  resulting  in  alterations  in  its  fine  structure.  This  leads  to 
decreasing  gene  expression  and  progressive  senescence. 

Keywords.    Brain;  chromatin;  DNase  I;  micrococcal  nuclease. 


It  is  by  now  well  established  that  several  structural  and  functional  changes  occur  at 
the  organ,  cellular  and  subcellular  levels  as  organisms  age.  They  are:  decrease  in  the 
number  of  post-mitotic  cells,  levels  of  enzymes,  hormones  and  antibody,  permeability 
of  cell  membranes,  increases  in  the  age  pigment,  cross-linking  and  tensile  strength  of  col- 
lagen. These  changes,  being  secondary  in  nature,  do  not  explain  the  basic  cause  of  aging. 

The  fact  that  (a)  all  individuals  of  a  species  have  a  more  or  less  fixed  life-span,  (b)  a 
similar  pattern  of  decline  of  various  functions  occurs  in  all  animals  after  attainment  of 
reproductive  maturity,  (c)  the  progeny  of  longlived  parents  has  long  life-span  and  the 
progeny  of  shortlived  parents  has  short  life  span  and  (d)  the  life  spans  of  identical  twins 
are  the  same,  indicate  that  the  primary  cause  of  aging  may  be  genetic  in  nature. 
However,  factors  like  nutrition,  heredity,  and  stresses  such  as  temperature,  radiation, 
and  socio-psychological,  etc  may  account  for  the  variability  in  the  rate  of  aging  and 
longevity  among  the  individuals  of  a  species. 

Two  types  of  changes  are  likely  to  occur  at  the  level  of  genes  during  aging:  (i)  The 
genes  may  undergo  structural  changes  with  passage  of  time  resulting  in  the  synthesis  of 
wrong  or  undesirable  enzymes  (proteins)  that  may  cause  deterioration  of  function  of 
the  organism,  (ii)  The  degree  of  expression  of  genes  may  change  with  age  causing 
alterations  in  the  levels  of  enzymes  and  deterioration  of  function.  Since  each  type  of 
enzyme  is  the  phenotypic  expression  of  a  gene,  various  aspects  of  enzymes  have  been 
studied  to  get  some  insight  into  the  types  of  changes  that  may  occur  in  the  genes  as  an 
animal  ages. 

Extensive  studies  on  the  activities  of  various  enzymes  of  the  brain,  heart,  liver,  kidney 
and  skeletal  muscle  of  the  rat  have  shown  that  the  levels  of  a  large  number  of  enzymes 
decrease  with  age,  as  for  example,  lactate  dehydrogenase  (LDH),  pyruvate  kinase  (PK), 
cholineacetyl  transferase  (CAT),  alanine  aminotransferase  (AAT),  tyrosine  amino- 
transferase  (TAT),  carbonic  anhydrase,  acetylcholinesterase  (Achfi)  and  ATpase,  (Singh 
and  Kanungo  1968;  Moudgil  and  Kanungo  1973;  Koul  and  Kanungo  1975;Chainy  and 
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Figure  1.    Effects  of  testosterone  and  17/S-estradiol  on  cholineacetyltransferase  of  the 
cerebral  hemisphere  of  female  rats  of  various  ages. 


Kanungo  1978;  Kanungo  and  Patnaik  1975;  Ratha  and  Kanungo  1977;  Srivastava  and 
Kanungo  1979).  The  levels  of  certain  enzymes,  such  as  glutamine  synthetase  (GS)  (Rao 
and  Kanungo  1972),  do  not  change  with  age,  whereas  those  of  cytoplasmic  and  mito- 
chondrial  malate  dehydrogenase  (MDH)  increase  with  age  (Kanungo  and  Gandhi  1972). 

It  is  possible  to  reverse  the  changes  that  occur  in  the  levels  of  several  enzymes  during 
aging.  The  levels  of  certain  enzymes  which  decrease  with  aging  can  be  raised  and 
brought  back  to  adult  levels  by  administration  of  steroid  hormones,  as  for  example,  CAT 
(figure  1;  James  and  Kanungo  1978),  PK  (Chainy  and  Kanungo  1978)  and  TAT  (Ratha 
and  Kanungo  1977).  The  steroid  hormones  produce  their  effects  by  first  binding  to  a 
cytoplasmic  protein-receptor.  The  hormone-receptor  then  binds  to  specific  sites  in  the 
chromatin  and  stimulates  the  expression  of  specific  genes.  A  decrease  in  the  level  of  the 
steroid  hormone  may  result  in  a  decrease  in  the  expression  of  the  genes.  Kanungo  et  al 
(1975)  have  shown  that  the  level  and  affinity  of  estradiol  receptor  decrease  in  the  brain 
of  rats  with  increasing  age. 

Studies  on  the  kinetics  of  AChE,  PK,  GS,  ATpase,  AAT  and  TAT,  and  antigenic  properties 
of  purified  MDH,  AChE  and  arginase  of  young  and  old  rats  as  studied  by  immunodif- 
fusion  do  not  show  any  differences  between  the  proteins  of  the  two  ages.  Also,  the 
peptide  maps  of  myosin  and  actin  of  young  and  old  rat  are  the  same.  So  the  primary 
structure  of  a  protein  of  an  old  animal  is  the  same  as  that  of  the  young.  Hence  the  gene 
(DNA)  coding  for  the  protein  does  not  undergo  any  change  in  its  primary  structure 
during  aging. 
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Figure  2.  Polyacrylamide  gel  electrophoresis  of  soluble  alanine  aminotransferase  of  the 
liver  of  immature  (5-),  adult  (52-)  and  old  (100-week)  female  rats.  A.  sAAT-A;  B.  sAAT-B 
(Kanungo  and  Patnaik  1975). 


Another  significant  finding  is  that  the  isoenzymes  of  several  enzymes,  for  example, 
AAT  (figure  2;  Kanungo  and  Patnaik  1975),  alcohol  dehydrogenase  and  hexose-P- 
isomerase  (Hall  1969)  show  sequential  appearance  and  disappearance  as  an  animal 
ages.  Different  subunits  of  these  multimeric  enzymes  are  coded  by  different  genes,  and 
these  genes  get  expressed  sequentially  during  aging  resulting  in  the  sequential 
phenotypic  expression  of  the  proteins.  This  may  be  due  to  the  modulatory  changes  in 
the  genes  brought  about  by  certain  factors  that  may  appear  or  disappear  at  specific 
stages  of  the  life  span. 

The  above  data  show  that  alterations  that  occur  in  the  levels  of  enzymes  may  only  be 
due  to  alterations  in  the  expression  of  their  genes  and  are  not  due  to  any  structural 
changes  in  their  genes.  Since  the  genes  are  complexed  with  chromosomal  proteins, 
histones  and  non-histone  chromosomal  (NHC)  proteins,  their  expression  may  be 
modulated  by  various  types  of  chemical  modifications  that  occur  in  these  proteins  such 
as  phosphorylation,  acetylation,  Aop-ribosylation  and  methylation.  The  first  three 
modifications  decrease  the  net  positive  charge  of  the  proteins,  whereas  the  last  one 
increases  the  net  positive  charge.  These  alterations  in  the  charge  may  cause  changes  in 
their  binding  to  the  DNA  which  has  negative  charges.  Such  changes  may  modulate  the 
expression  of  genes  by  making  them  accessible  or  not  to  RNA  polymerase  to  carry  out 
transcription.  Hence  studies  on  these  modifications  and  their  effects  on  transcription 
were  carried  out  as  a  function  of  age  of  rats.  Some  of  the  important  findings  are  given 
below. 

Acetylation  of  histones  has  been  correlated  with  transcription  in  several  instances. 
Incorporation  of  14C-acetate  into  histones  decreases  with  increasing  age. 
Concomitantly,  the  incorporation  of  3H-UMP  into  RNA  also  decreases  thus  showing  that 
transcription  decreases  as  acetylation  decreases  (Kanungo  and  Thakur  1979). 

Sodium  butyrate  inhibits  deacetylase  and  thereby  hyperacetylates  histones.  In  our 
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studies,  hyperacetylation  of  histones  by  Na-butyrate  causes  stimulation  of  transcrip- 
tion in  the  young.  The  degree  of  hyperacetylation  is  lower  in  the  old.  The  degree  of 
transcription  is  also  lower.  17/?-estradioI  also  causes  hyperacetylation  of  histones  and 
stimulates  transcription  in  isolated  nuclei  of  the  brain  of  young  and  old  rats,  but  this 
stimulatory  effect  of  estradiol  is  not  observed  in  the  old. 

These  findings  strongly  suggest  that  conformational  changes  may  occur  in  the 
chromatin  (a  complex  of  DNA  and  chromosomal  proteins)  with  increasing  age  of  an 
organism,  particularly  in  post-mitotic  cells  like  those  of  the  brain  and  skeletal  muscle 
which  do  not  divide  after  birth.  This  may  be  the  reason  why  the  sites  on  histones  and 
DNA  become  less  accessible  for  acetylation  and  transcription,  respectively. 

If  the  above  hypothesis  is  correct,  then  the  digestibility  of  DNA  in  the  chromatin  by 
endonucleases  should  decrease  with  age.  DNA  is  wound  around  an  octamer  of  core 
histones,  H2A,  H2B,  H3  and  H4,  to  form  bead-like  structures  called  nucleosomes.  The 
nucleosomes  are  connected  to  each  other  by  linker  DNA.  This  'beads  on  a  string' 
structure  is  the  basic  structure  of  chromatin  which  undergoes  coiling  due  to  the  binding 
of  histone  HI  in  the  internucleosomal  region.  Further  coiling  and  compaction  of  this 
structure  is  brought  about  by  NHC  proteins. 

Two  endonucleases,  deoxyribonuclease  I  (DNase  I)  and  micrococcal  nuclease  (MCN) 
cut  DNA  of  the  chromatin  at  specific  sites  and  hence  were  used  as  probes  for  studying 
conformational  changes  in  the  chromatin  during  aging.  DNase  I  cuts  DNA  at  intervals  of 
10  base  pairs  (BP)  and  its  multiples,  whereas  MCN  cuts  the  linker  DNA  and  produces 
200  BP  fragments  and  their  multiples.  The  digestion  of  chromatin  of  the  brain  of  young, 
adult  and  old  rats  shows  that: 

(a)  The  digestibility  of  chromatin  DNA  by  DNase  I  decreases  with  age  as  seen  by  both  the 
kinetics  of  digestion  and  analysis  of  10  BP  fragments  and  its  multiples  by  denaturing 
polyacrylamide  slab  gel  electrophoresis.  In  old  rats,  10  and  20  BP  fragments  are  far  less 
than  in  young  rats  (figure  3).  Sodium  butyrate,  which  hyperacetylates  histones,  causes 
an  increase  in  the  digestion  of  DNA  by  DNase  I  in  the  young.  This  effect  is  greatly  reduced 
in  the  old.  (b)  The  digestibility  of  DNA  by  MCN  does  not  show  any  change  with  age  as 
studied  by  the  kinetics  of  digestion  and  analysis  of  200  BP  fragments  of  DNA  by  agarose 
slab  gel  electrophoresis.  Butyrate  stimulates  digestion  of  DNA  by  MCN  equally  in  all  ages. 

The  differences  in  the  digestion  by  two  endonucleases  may  be  due  to  the  differences 
in  the  molecular  weights  and  sizes  of  the  two  enzymes.  DNase  I  is  a  larger  molecule  and 
the  decrease  in  its  digestive  activity  may  be  because  the  closely  spaced  sites  on  DNA  at 
10BP  intervals  may  become  less  accessible  to  it  as  the  chromatin  undergoes  greater 
compaction  and  conformational  changes  with  increasing  age.  MCN,  on  the  other  hand,  is 
a  smaller  molecule  and  may  reach  its  sites  of  action  on  DNA  which  are  far  apart  (200  BP  ) 
and  hence  are  more  accessible  to  it  (Chaturvedi  and  Kanungo  1983). 

These  findings  show  that  in  the  post-mitotic  cells  such  as  neurons  and  skeletal  muscle 
cells  in  which  the  age-related  functional  decline  is  more  pronounced  than  in  the 
dividing  or  pre-mitotic  cells  like  those  of  the  liver  and  bone  marrow,  the  chromatin  may 
undergo  increasing  compaction  with  the  passage  of  time  as  DNA  synthesis  does  not 
occur.  Factors  such  as  steroid  and  peptide  hormones  and  other  effectors  that  are 
produced  at  specific  stages  of  the  life  span  during  growth  and  reproductive  maturation 
may  be  unable  to  produce  the  same  effects  on  the  expression  of  genes  as  they  did  in 
earlier  stages.  This  may  cause  a  gradual  decrease  in  the  expression  of  genes  leading  to 
alterations  in  the  levels  of  enzymes  and  deterioration  of  functions. 

The  above  findings  support  the  model  for  aging  proposed  by  Kanungo  (1975). 
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Figure  3.  Polyacrylamide  slab  gel  electrophoresis  of  DNase  I  digests  of  (a)  nuclei  and 
(b)  chromatin  of  the  brain  of  20,  45  and  90-week  old  female  rats  (Chaturvedi  and  Kanungo 
1983).  Electrophoresis  was  carried  out  in  10%  denaturing  urea-polyacrylamide  gel.  (w, 
nucleotides). 


According  to  this  model  the  regulatory  mechanisms  necessary  for  the  normal 
functioning  of  a  set  of  genes  required  for  various  functions  including  reproduction 
during  adulthood  gradually  get  destabilized  as  the  accessibility  of  genes  gradually 
changes  due  to  conformational  changes  in  chromatin  and  the  levels  of  factors  that  are 
necessary  for  induction/repression  of  these  genes  are  thereby  altered.  As  a  result  of 
reproduction  and  other  functions  associated  with  growth,  certain  factors  get  depleted 
which  the  organism  is  unable  to  replenish,  and  certain  other  factors  accumulate  which  it 
is  unable  to  get  rid  of.  Hence  there  is  a  gradual  decline  in  the  homeostatic  functioning 
of  the  genes  required  for  the  maintenance  of  adulthood.  This  leads  to  deterioration  of 
function  and  aging.  Also,  as  a  result  of  accumulation  of  certain  factors  and  depletion  of 
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Figure  4.  A  model  for  ageing  (Kanungo  1 980).  Upper  part — figurative  representation  of  the 
various  phases  of  the  life  span,  development,  reproduction  and  senescence.  Lower  part — the 
number  of  active  genes  have  been  kept  at  a  minimum  and  the  genes  that  are  permanently 
repressed  are  not  shown  for  the  sake  of  clarity.  Developmental  and  reproductive  phases  are 
dependent  on  unique  genes,  A-F  and  G-L,  respectively.  No  specific  genes  for  senescence  are 
envisaged  in  this  model.  Development  occurs  by  the  sequential  activation  of  genes  A-F,  the 
product  of  gene  A  switching  on  gene  B  and  so  on.  Some  of  the  genes  of  the  late  developmental 
phase,  E  and  F,  switch  on  some  unique  genes  G  and  H,  belonging  to  the  early  reproductive 
phase.  These  genes,  in  turn,  switch  on  sequentially  other  genes  of  the  reproductive  phase.  The 
organism  attains  reproductive  ability  when  required  amounts  of  gene  products  are  formed. 
Continued  reproduction  may  cause  depletion  of  certain  factors  which  may  be  necessary  for 
keeping  certain  essential  genes  active.  Switching  off  of  these  genes  may  lead  to  deterioration  of 
certain  functions.  Continued  reproduction  may  also  lead  to  accumulation  of  certain  gene 
products  (factors)  beyond  a  certain  level  resulting  in  the  activation  of  some  undesirable  genes, 
M  and  N,  whose  products  may  cause  diseases  like  autoimmune  diseases.  Thus  the  decline  in 
physiological  functions  that  begins  after  a  certain  period  of  the  reproductive  phase  may  be  due 
to  destabilization  of  the  functioning  of  the  genes  of  reproductive  phase  or  adulthood. 

others,  certain  undesirable  and  harmful  genes  get  expressed.  This  may  cause  the 
appearance  of  cancer  and  autoimmune  diseases  whose  frequency  is  known  to  increase 
with  increasing  age  (figure  4). 
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Use  of  electrophoresis  and  immunoelectrophoresis  in  taxonomic  and 
pollution  studies 
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Abstract.  Studies  were  conducted  on  the  electrophoresis  of  blood  serum  and  eye  lens 
proteins  of  5  fishes  and  immunoelectrophoresis  of  the  soluble  lens  proteins  of  10  fishes.  The 
effects  of  a  toxic  pollutant  (mercury)  on  the  electrophoretic  patterns  of  the  serum,  haemoglobin 
and  eye  lens  proteins  of  a  euryhaiine  fish  Tilapia  mossambica  (Peters)  has  also  been  studied.  The 
use  of  fish  blood  morphology  as  a  biological  index  of  water  quality  has  been  indicated. 

Keywords.  Electrophoresis;  serum  proteins;  eyelens  proteins;  immunoelectrophoresis; 
haemoglobin;  stress  pattern. 


1.    Introduction 

Rapid  advances  in  protein  biochemistry  in  recent  years  have  given  rise  to  several  new 
concepts  and  techniques  which  could  be  utilised  to  study  the  phylogenetic  relation- 
ships. The  primary  structure  of  a  protein  molecule  with  its  amino  acid  sequence,  is 
genetically  determined  and  it  is  very  likely  that  the  specific  folding  and  cross-linking  of  a 
polypeptide  chain  results  largely,  if  not  entirely,  from  the  primary  structure  (Anfinsen 
1961).  The  reasoning  is  that  'the  primary  structure  dictates  the  secondary,  tertiary  and 
quaternary  structures  (conformation)  in  any  given  environment.'  The  properties  of 
proteins  show  the  ultimate  biochemical  relationships  of  the  organisms.  These 
properties  can  be  regarded  as  the  fundamentals  in  unravelling  the  evolutionary 
pathways  and  taxonomic  relationships. 

The  existence  of  multiple  forms  of  proteins  has  interested  many  biochemists  and 
biologists  (Markert  and  Moller  1959;  Shaw  1965).  In  addition  to  the  multiple  forms 
resulting  from  the  differences  in  the  primary  structure  of  the  fundamental  protein  unit, 
there  are  also  multiple  forms  arising  due  to  other  reasons.  For  example,  one  type  of 
multiple  molecular  form  results  from  the  molecules  of  proteins  having  the  same 
primary  structure  which  exists  in  several  physico-chemical  forms  when  the  structure 
gets  influenced  by  the  environment.  These  are  termed  'conformational  forms'  (Lumry 
and  Erying  1954). 

Most  important  among  the  methodologies  are  the  techniques  of  electrophoretic 
genetics  that  have  become  available  during  the  last  two  decades.  The  staining  of  specific 
proteins  on  starch,  agar,  polyacrylamide  and  cellulose  acetate  strips  followed  by  their 
electrophoresis  reveals  their  characteristic  migration  patterns.  Protein  mobility  is 
largely  determined  by  the  molecular  configuration  and  electrical  charge,  which  in  turn 
are  dependent  on  the  amino  acid  sequence.  Since  the  latter  is  a  direct  consequence  of  the 
genetic  template,  the  electrophoretic  phenotype  lies  very  close  to  the  core  of  the  genetic 
information  of  the  individuals.  Electrophoretic  genetics  can  and  does  reveal  cryptic 
genetic  variability  with  relatively  little  ambiguity  in  its  interpretation.  The  method 
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detects  one-locus  polymorphisms  of  possible  adaptive  significance  and  it  is  of  value  as 
marker  genes  for  the  populations,  stocks  and  races.  The  literature  on  electrophoretic 
genetics  of  fishes  has  been  reviewed  by  Love  (1970)  and  in  some  detail  earlier  by  Deligny 
(1969):  The  work  on  specific  groups  such  as  the  tuna  has  been  summarized  by  Fujino 
(1970). 

Early  in  the  twentieth  century,  two  events  occurred  which  have  only  recently  begun 
to  affect  the  course  of  fishery  research.  Firstly,  the  observation  of  Landsteiner  (1901) 
that  the  red  blood  cells  of  one  human  could  be  agglutinated  or  clumped  by  the  serum 
from  another  and  he  proposed  the  ABO  blood  group  system.  Secondly,  the  same  year 
Nuttall  (1901)  published  the  first  of  a  series  of  papers  demonstrating  that  an  antiserum 
which  is  reactive  with  the  serum  proteins  of  one  species  of  an  animal  could  also  react 
with  related  species,  thus  introducing  the  science  of  systematic  serology.  The  early  work 
of  Nuttall  (1904)  promoted  a  great  deal  of  comparative  research  on  antigens  of 
organisms  which  could  be  studied  by  the  use  of  precipitin  reaction.  A  detailed 
description  of  the  application  of  these  techniques  for  the  study  offish  serum  proteins 
has  been  provided  by  Ridgway  et  al  (1962)  and  Krauel  and  Ridgway  (1963). 


2.    Experimental  procedure 

2.1     Electrophoretic  studies 

During  the  last  eight  years,  studies  were  conducted  at  the  National  Institute  of 
Oceanography,  on  the  morphometry  and  serology  of  several  fishes  from  the  Goa 
region.  In  all  these  studies  electrophoresis  was  conducted  on  cellogel  strips  (2-5 
x  14cm)  (gelatinized  cellulose  acetate).  Blood  serum  and  the  eye  lens  proteins  of  five 
fishes,  Sardinella  longiceps  Val;  S.  fimbriata  (Val);  Brachirus  orientalis  (Bloch); 
Pseudorhombus  arisus  (Ham-Buch)  and  Psettodes  erumei  (Bloch)  were  studied 
(Menezes  1979).  Fish  samples  used  for  this  study  were  collected  from  the  fish  landing 
centres  of  Panaji,  Goa.  In  each  species,  the  fishes  studied  were  of  different  size  and  sex. 

Blood  collected  from  the  caudal  end  of  the  fish  in  capillary  tubes  was  allowed  to  clot 
which  was  then  cetrifuged  at  1000  rpm  for  5  min  to  obtain  a  clear  serum. 

Eye  lenses  removed  from  the  fish  were  freed  from  the  aqueous  and  vitreous  humour, 
pieces  of  retina  and  the  capsule.  The  lenses  from  each  fish  was  weighed  and  placed  in  a 
dry  tube  and  used  for  analysis  immediately.  Protein  extracts  were  prepared  by 
mechanically  mincing  the  lenses  of  each  fish  in  a  0-9  %  saline  solution  using  0-5  ml  of 
saline  for  about  60  mg  weight  of  the  lens.  They  were  then  centrifuged  at  3000  rpm  for 
5  min  to  obtain  a  clear  solution. 

The  Ef  value  of  each  band  was  calculated  as  the  ratio  of  the  distance  travelled  by  the 
band  to  that  of  the  distance  travelled  by  the  fastest  moving  band.  Human  serum  was 
applied  to  one  strip  during  each  electrophoretic  run  to  serve  as  a  mobility  reference 
standard.  The  intensity  of  protein  in  each  fraction  was  determined  by  a  densitometer. 

2.  la  Serum  proteins:  The  serum  of  P.  erumei  shows  seven  bands  or  fractions  in  the 
electropherogram  (figure  1A).  Among  these  bands,  the  major  ones  are  the  first  three 
bands  of  slower  mobility  having  Ef  values  of  0-13, 0-25  and  0-41  respectively  (table  1). 
The  electropherogram  of  P.  arsius  serum  shows  six  bands  (figure  IB),  of  which  the  first, 
second  and  the  fifth  bands  belong  to  the  major  protein  with  the  Ef  values  of  0-25, 041 
and  0-81  respectively.  The  serum  of  B.  orientalis  shows  five  bands  (figure  Ic),  of  which 
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Figure  1.  A-E.  Electrophoretic  pattern  of  the  serum  proteins  in  A.  Psettodes  erumei',  B. 
Pseudorhombus  arsius;  C.  Brachirus  orientalise  D.  Sardinella  longiceps;  E.  Sardinellafimbriata; 
F.  Comparison  of  the  serum  protein  patterns  of  a.  human;  b.  5.  longiceps;  c.  S.fimbriaw  A.  P, 
erumei;  e.  P.  arsius;  f.  B.  orientalis. 
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first  and  the  fourth  are  the  major  ones  with  Ef  values  of  041  and  0-77  respectively. 
e  serum  of  S.  longiceps  shows  nine  bands  (figure  ID),  of  which  the  first  four  bands  of 
mobility  are  the  major  ones  with  Ef  values  of  0-05,  0-17,  0-21  and  0-33 
r^spectively.  The  serum  of  S.fimbriata  has  eight  bands  (figure  IE).  Of  these,  the  first 
three  bands  of  slower  mobility  are  the  major  ones  with  Ef  values  of  0-05, 0-21  and  0-37. 

Seperation  of  the  serum  proteins  offish  on  cellulose  acetate  has  resolved  the  varying 
**utmbers  of  bands.  These  range  from  three  in  the  coelacanth — Latimeria  chalumnae 
(Griffith  et  al  1974)  to  ten  in  the  mudfish — Labeo  sp  (Hattingh  1974).  In  most  studies,  a 
Comparison  with  the  human  serum  has  been  used  to  assign  the  electrophoretic 
^^lobilities  and/or  density.  In  many  cases,  the  dominant  protein  was  a  beta  globulin  and 
riot  albumin  as  was  found  in  mammals.  Similarly,  in  these  studies,  the  gamma  and  beta 
globulins  contained  a  higher  percentage  of  proteins  (table  1). 

The  electropherograms  of  the  serum  proteins  of  the  three  flat  fishes  (Psettodes 
&mmei,  Pseudorhombus  arisus,  and  Brachirus  orientalis)  show  a  major  band  of  Ef  value 
O-69  in  common.  P.  erumei  serum  also  shows  a  minor  band  of  the  Ef  value  0*53  in 
common  with  that  of  B.  orientalis  serum.  The  electropherograms  of  the  two  clupeiods 
OS1 'czrdinella  longiceps  and  S.fimbriata)  show  two  major  bands  of  Ef  values  0-05  and  0-21 
and  three  minor  bands  of  Ef  values  0-45, 0-57  and  0-73  in  common.  Among  the  three  flat 
fishes,  the  serum  of  P.  erumei  showed  a  greater  similarity  with  the  serum  of  P.  arsius  as 
compared  to  that  of  B.  orientalis. 

Deutsch  and  Mcshan  (1949)  obtained  electrophoretic  patterns  for  Salmo  gairdneri 
(ra.lnbow  trout),  Salvelinus  namaycush  (lake  trout),  and  found  that  closely  related  trout 
species  showed  extreme  and  readily  recognizable  variations.  Sanders  (1964)  in  a  study 
of  serum  proteins  of  three  trout  species  demonstrated  that  the  patterns  of  serum 
protein  are  the  specific  characteristic  of  a  particular  species.  Serum  proteins  of  four 
T^ilcipia  species  also  show  characteristic  patterns  for  each  species  (Badawi  1971).  Other 
electrophoretic  studies  concerning  the  variations  in  the  proteins  of  fish  serum  were 
related  to:  sexual  differences  and  the  degree  of  sexual  maturity  (Thomas  and 
IVfoCrimmon  1964),  seasonal  variations  (Saito  1957),  disease  (Sindermann  and  Mairs 
1958;  Thomas  and  McCrimmon  1964)  and  changes  in  diet  (Lysak  and  Wojcik  1960).  In 
oor  studies,  although  some  individual  variations  in  the  staining  intensities  of  the 
various  components  were  noted,  the  patterns  exhibited  a  remarkable  species  specificity 
a,nd  no  significant  sexual  differences  were  clearly  evident.  The  curves  derived  from  these 
patterns  are  depicted  in  figures  1A-E,  as  determined  by  densitometric  readings.  The 
electrophoretic  fractions  have  been  assigned  numbers  in  the  order  of  their  increasing 
naofoility. 

A.  comparison  of  the  patterns  (figure  IF)  illustrates  that  the  differences  between 
genera  (Sardinella,  Psettodes,  Pseudorhombus  and  Brachirus)  are  greater  than  that 
between  species  (S.  longiceps  and  S.fimbriata).  Thus  the  distinctness  of  the  patterns  in 
different  species  is  quite  apparent,  for  the  related  species  do  exhibit  similarities. 
£>o  tozhansky  (1962)  has  described  the  basis  of  hereditary  characteristics  of  organisms  as 
follows:  'Brothers  and  sisters  usually  differ  in  many  genes  (identical  twins  excepted); 
races  presumably  differ  in  more,  species  and  genera  in  many  more  still.  All  these 
differences  arose  by  sorting  out  the  genetic  raw  materials  provided  by  mutations  in 
olose,  remote,  and  very  remote  ancestors'.  The  available  evidence  indicates  that  the 
hierarchy  of  similarities  and  differences  in  the  blood  proteins  exists  for  the  near 
distantly  related  taxonomic  groups.  Species  thought  to  be  close  relatives  have 
patterns. 
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2.lb  Eye  lens  proteins:  The  electropherogram  of  the  eye  lens  proteins  of  P.  erumei 
shows  eight  bands  (figure  2A),  of  which  the  first  two  bands  of  slower  mobility  are  the 
major  bands  having  Ef  values  of  0*18  and  0-22  respectively  (table  2).  In  p.  arsius,  the  eye 
lens  proteins  also  show  eight  bands  (figure  2B),  of  which  the  first  and  the  seventh  bands 
are  the  major  ones  with  Ef  values  of  0-14  and  0-70  respectively.  The  eye  lens  proteins  of 
B.  orientalis  shows  six  bands  (figure  2C),  of  which  the  first  and  the  second  bands  are  the 
major  proteins  with  Ef  values  of  0*14  and  0-30  respectively.  Some  of  the  bands  which 
separate  faintly  are  not  easily  discernable  in  the  photographs  presented. 

The  eye  lens  proteins  ofS.fimbriata  show  seven  bands  (figure  2D)  of  which  the  first, 
second  and  the  sixth  are  the  major  bands  with  Ef  values  of  0-14,  0-22  and  0-62 
respectively.  Two  band  patterns,  types  A  and  B  were  observed  in  the  electropherograms 
of  the  eye  lens  proteins  ofS.  longiceps.  The  eye  lens  proteins  of  the  type  A  shows  seven 
bands  (figure  2E),  of  which  the  first  and  the  sixth  bands  are  the  major  protein  bands 
with  Ef  values  of  0-14  and  0-62  respectively.  The  electropherogram  of  the  type  B  shows 
nine  bands  (figure  2F),  the  two  extra  bands  seen  in  this  type  were  situated  at  Ef  values 
0-01  and  0*74  respectively.  The  first  band  of  the  type  A  migrated  slightly  away  from  the 
point  of  application  having  an  Ef  value  of  0-14.  Repeated  experiments  produced  the 
same  patterns  consistently  and  did  not  show  any  variation  either  due  to  sex  or  size 
(Menezes  1980a). 

The  electropherograms  of  the  eye  lens  proteins  of  the  three  flat  fishes  and  the  two 
clupeiod  fishes  show  a  number  of  protein  bands  of  identical  mobility  (figure  2G).  This 
may  be  because  the  lens  proteins  are  synthesized  by  only  one  type  of  cells  present  in  the 
eye  as  a  unicellular  layer.  The  serum  proteins,  on  the  other  hand,  are  synthesized  by  a 
variety  of  cells  (Pirie  and  Heyningen  1956).  An  additional  biological  peculiarity  of  the 
eye  lens  is  the  manner  in  which  it  grows;  the  older  portions  get  increasingly  compressed 
into  the  centre — the  nucleus.  In  this  sense,  the  adult  lens  preserves  the  sum  of  its  life 
history  (Manski  et  al  1964). 

The  eye  lenses  of  the  fish  were  first  studied  electrophoretically  at  the  California  State 
Fisheries  Laboratory  when  Smith  (1962)  examined  the  soluble  lens  proteins  of  the  kelp 
bass  (Paralabrax  clathratus),  the  blue  fin  tuna  (Thunnus  thynnus  orientalis)  and  the 
albacore  (Thunnus  alalunga).  The  electrophoretic  patterns  indicated  some  variation  in 
the  curves  pertaining  to  protein  concentration  but  failed  to  show  clear  group  variations 
among  the  species.  Molecular  differences  in  the  eye  lens  proteins  of  the  oceanic 
whitefish,  Caulolatilus  princeps  (Jenyns),  identified  by  the  cellulose  acetate  electro- 
phoresis  by  Smith  and  Goldstein  (1967),  apparently  reflected  the  intraspecific  genetic 
variation.  The  lens  proteins  of  the  five  scombroid  were  examined  by  microstarch  gel 
electrophoresis  (Barrett  and  Williams  1967).  Intraspecific  variation  was  found  in  the 
Pacific  bonito,  Sarda  chiliensis  (Cuvier),  but  was  interpreted  to  be  because  of  the 
differences  in  mobility  of  a  single  fraction  related  to  ontogenetic  factors.  However, 
Eckroat  and  Wright  (1969)  indicated  that  this  variation  could  instead  be  the  result  of 
the  inheritance  of  the  two  separate  fractions  whose  presence  or  absence  gave  rise  to  the 
differences  in  the  fish  sampled.  These  fish  probably  came  from  two  different  breeding 
populations  to  account  for  the  distribution  of  the  two  observed  phenotypes. 
Furthermore,  these  authors  found  no  difference  in  the  lens  protein  which  could  be 
attributed  to  the  function  of  age  in  the  trout.  Although,  genetic  information  about  the 
lens  proteins  is  very  scanty,  the  available  evidence  indicates  that  the  variations  in  the 
electrophoretic  pattern  have  a  genetic  basis  (Smith  1966;  Eckroat  and  Wright  1969; 
Greiffendorf  and  Bech  1969;  Smith  1971). 
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Figure  2.  A~E.  Electrophoretic  pattern  of  the  eyelens  proteins  of  A.  Psettodes  erumei;  B. 
Pseudorhombus  arisus;  C.  Brachirus  orientalis;D.  Sardinellafinibriata;  E.Sardinella  longiceps; 
F.  Sardinella  longiceps  (type  A);  G.  Comparison  of  the  eyelens  protein  patterns  of  a.  5. 
longiceps  (typeB);  b.  S.  longiceps  (type  A);  c.  S,  fimbriata;  d.  P.  erumei;  e.  P.  arsius;  f.  B. 
orientalis. 
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In  our  study,  patterns  produced  by  the  eye  lens  proteins  of  S.fimbriata,  B.  orientalis, 
P.  arsius  and  P.  erumei  were  quite  uniform.  There  was  some  contrast  in  the  lens  pattern 
of  S.  longiceps,  as  the  protein  patterns  produced  by  the  lens  of  this  fish  revealed  a 
conspicuous  polymorphism.  These  polymorphisms  probably  result  from  the  presence 
of  a  series  of  alternative  genes  occurring  in  the  population  (Allison  1959;  Dobzhansky 
1962). 

The  application  of  the  principles  of  population  genetics  to  the  study  of  various 
polymorphic  proteins  has  indicated  that  the  frequencies  of  occurrence  of  the  allele  are 
often  quite  different  within  the  populations  of  the  same  species  (Eckroat  1971).  During 
the  past  few  years,  much  attention  has  been  directed  towards  this  type  of  studies  on  the 
commercially  important  fishes.  The  objectives  of  these  studies  have  been  to  determine 
the  genetic  polymorphisms  and  to  identify  the  units  of  breeding  populations  separately 
using  the  allele  frequencies  of  these  polymorphic  systems. 

The  high  uniformity  in  the  patterns  which  the  eye  lens  provides  is  an  evidence  in  the 
reliability  of  the  procedures  used  in  the  investigations.  The  pattern  of  heterogeneity  as 
and  when  observed  indicates  that  this  is  a  result  of  genetic  differences.  In  conclusion,  it 
can  be  stated  that  the  two  types  of  patterns  obtained  in  the  lens  protein  of  S.  longiceps 
suggest  the  presence  of  two  distinct  populations  of  the  fish  in  this  region  (Arabian  Sea). 

Our  study  clearly  indicates  that  while  the  serum  proteins  may  have  some  general 
usefulness  in  the  fish  taxonomy,  the  eye  lens  proteins  are  preferable  for  a  precise 
differentiation  and  for  distinguishing  the  breeding  populations  separately. 


3.    ImraunoeSectrophoretic  studies 

The  soluble  eye  lens  proteins  often  fishes,  Sardinella  longiceps,  S.fimbriata  (Clupeidae); 
Hemirhamphus  georgii  (Hemirhamphidae);  Lactarias  lactarias  (Lactariidae); 
Rastrelliger  kanagurta  (Scombridae);  Parastromateus  niger,  Pampus  argenteus 
(Stromateidae);  Psettodes  erumei  (Psettodidae);  Pseudorhombus  arsius  (Bothidae)  and 
Brachirus  orientalis  (Soleidae),  collected  from  fish  landing  centres  of  Panaji,  Goa,  were 
studied  using  immunoelectrophoresis.  The  lens  antiserum  of  Sardinella  longiceps  was 
produced  in  a  rabbit  (for  methodology  see  Menezes  1980b). 

The  results  of  the  reaction  of  the  various  test  antigens  with  the  antisera  are  given  in 
figure  3.  Very  clear  patterns  of  the  precipitate  were  obtained  with  each  of  the  antigen 
used.  The  pre-immune  serum  did  not  show  any  reaction  with  the  test  antigen. 

The  proteins  of  the  lens  were  chosen  for  the  investigation  because  they  have  a  distinct 
advantage  in  showing  an  extremely  wide  range  of  serological  cross-reactions  (Hektoen 
1922).  An  antiserum  prepared  against  the  lenses  of  any  of  the  vertebrate  species  gives 
precipitin  reactions  with  the  lenses  of  all  the  other  vertebrates  (Manski  et  al  1964).  This 
is  in  striking  contrast  to  those  serum  proteins  which  may  be  far  more  intensively 
studied,  but  they  have  a  considerably  more  limited  range  of  cross-reactions  (Nuttall 
1904). 

Antiserum  prepared  from  the  lens  of  S.  longiceps,  when  reacted  with  the  lens  protein 
of  the  same  species  showed  four  components.  With  the  lens  of  S.  fimbriata  also,  it 
showed  four  components  but  there  was  a  slight  variation  in  the  design  of  the  lines  of 
precipitates  formed  and  in  their  mobilities.  Reaction  with  the  H.  georgii  lens  showed 
five  components  while  with  L.  lactarias  it  showed  three,  with  R.  kanagurta  two,  with 
Parastromateus  niger  and  Pampus  argenteus  three  each,  with  Psettodes  erumei  and 
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Sordinella     lonqiceps 


Hemirhomphus    georqii 


Loctorius     Iqctarius 


Rastretliqer    kanggurta 


Parastromateus    niger 


grqanteus 


erumej 


Pseydorhombus    grsius 


onentolis 
Figure  3.  Immunoelectrophoretic  patterns  of  the  eyelens  proteins  of  the  fishes. 


Pseudorhombus  arsius  one  each  and  with  B.  orientalis  two  components.  As  the  closely- 
related  species  display  similar  reactions  and  share  some  of  the  precipitate  bands  in  their 
reactions  of  identity,  it  is  possible  to  get  a  good  idea  of  their  relationships. 

Antisera  from  the  squid  lens,  prepared  in  the  rabbit  had  four  to  five  components 
when  tested  with  the  squid  lens  for  the  immunodiffusion  assays  (Manski  et  al  1961).  No 
cross-reactions,  however,  were  noted  with  a  number  of  vertebrate  lenses.  Similarly  the 
antisera  against  the  vertebrate  lens  failed  to  show  any  cross-reaction  with  squid  lens. 
(Manski  et  al  1964).  This  shows  that  the  invertebrate  lens  does  not  share  any 
immunochemical  similarity  with  the  vertebrate  lenses  and  that  the  cephalopod  eye  was 
evolved  separately  as  a  distinct  offshoot  from  that  of  the  vertebrates.  From  the 
reactions  obtained  with  the  antihuman  lens  serum  and  with  the  lens  sera  of  other 
vertebrates,  it  is  clear  that  the  phylogenetic  relations  among  the  vertebrate  lenses  show  a 
decrease  in  the  number  of  shared  components  when  they  get  farther  and  farther 
removed  phylogenetically  (Hektoen  1922;  Manski  et  al  1960;  1961). 

In  our  studies  also,  the  immunoelectrophoretic  patterns  (figure  3)  clearly  show  a 
decrease  in  the  number  of  shared  components  as  the  phylogenetic  distance  increased.  It 
has  been  proved  that  the  fishes  which  are  more  closely  related  on  a  morphological  basis 
tend  to  have  common  antigens  (Menezes  1980b). 
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Thus  the  study  indicates  that  this  technique  can  be  used  to  determine  the  taxonomic 
relationships  between  the  different  species. 


4.    Pollution  studies 

4.1     Effect  of  mercury 

To  determine  whether  any  alteration  occurs  in  the  normal  make-up  of  the  elec- 
trophoretic  patterns  of  blood  serum,  haemoglobin  and  the  eye  lens  proteins  of  the 
fishes  on  their  exposure  to  adverse  environmental  pollutants,  a  study  was  conducted 
under  controlled  conditions.  Long-term  and  short-term  effects  of  low  and  high 
concentrations  of  mercury,  on  a  freshwater  fish  Tilapia  mossambica  (see  Menezes  1981) 
were  investigated.  Inorganic  mercury  in  the  form  of  mercuric  chloride  (HgCl2)  was 
introduced  as  a  toxicant.  Collateral  studies  included  the  uptake  of  metal  by  the  fishes. 
To  select  the  threshold  concentrations  of  mercury  for  the  study,  some  preliminary  tests 
were  conducted  on  the  acute  toxicity  and  growth  efficiencies  (Menezes  and  Qasim 
1983a,b)  of  the  fish  in  relation  to  some  levels  of  the  toxicant. 

The  potential  value  of  electrophoresis  in  this  study  is  based  on  the  hypothesis  that 
stress  conditions  may  cause  significant  changes  in  the  proteins  of  the  blood  serum,  in 
the  haemoglobin  and  in  the  eye  lens  protein.  Such  changes  might  reflect  an  altered 
antibody  synthesis,  protein  biosynthesis,  cellular  leakage  or  perhaps  other  events 
resulting  directly  or  indirectly  from  the  stress. 

4.1  a  Long  term-exposure:  The  concentration  of  mercury  in  the  fish  muscle  was 
related  to  the  concentration  of  mercury  in  the  water.  At  29°  ±  1°C,  a  9  weeks  exposure 
to  two  levels  —0-01  and  0-04  ppm  of  mercury,  produced  a  mercury  concentration  of 
0-29  and  2-04  /-tgg" 1  wet  weight  of  the  muscle  respectively.  This  was  unlike  the  control 
group  where  the  mercury  concentration  was  0-024  ±0-003  ugg'1  wet  weight. 

During  the  exposure  period,  it  was  observed  that  the  control  fish  fed  readily 
whenever  food  was  offered,  but  this  was  not  the  case  with  the  experimental  groups. 
Although  feeding  in  0-01  ppm  mercury  was  not  seriously  affected,  the  response  towards 
the  food  was  somewhat  sluggish  at  the  end  of  the  test  period.  In  0-04  ppm,  the  fish 
usually  ignored  the  food  after  the  5th  week  of  exposure. 

The  natural  electrophoretic  pattern  of  haemoglobin  showed  two  clearly-defined 
anodic  components — a  broader,  denser,  fast-moving  band  and  a  less  mobile,  slightly 
narrower  and  less  dense  band  (figure  4A).  Exposure  to  0*01  and  0-04  ppm  mercury  for 
eleven  weeks  led  to  an  increase  in  the  protein  in  the  faster  moving  band  (figure  4B(a,b)). 
This  was  statistically  significant  at  1  %  level.  The  results  on  the  mobility  and  the 
percentage  of  protein  in  the  bands  are  summarised  in  table  3. 

The  natural  eye  lens  pattern  consisted  of  seven  components:  one  component  on  the 
cathodic  side,  a  slow  component  on  the  anodic  side,  three  medium  fast  anodic 
components,  and  two  fast  anodic  components  (figure  4C).  The  first  two  components  of 
slower  mobility  and  the  sixth  one  having  relative  mobilities  of  —  17-3,  13-3  and  82-3 
from  the  point  of  application  are  the  major  protein  bands  (table  4).  An  exposure  to  0-01 
and  0*04  ppm  mercury  did  not  show  much  change  in  the  components  of  the  eye  lens 
protein  (figure  4D(a,b)).  The  results  of  this  investigation  have  been  summarized  in 
table  4. 

The  natural  electrophoretic  pattern  of  the  serum  proteins  consists  of  nine  bands — 
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Table  3.     Electrophoretic  analysis  of  haemoglobin  in  T.  mossambica. 
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Fractions  (in  the  order, 

Concentration 

from  the  slowest 

to  fastest) 

of  mercury 

Analysis  of  haemoglobin 

Ppm 

1 

2 

Relative  mobility  as 

Control 

47-99 

100 

percentage 

0-01 

51-74 

100 

0-04 

50-51 

100 

Percentage  of  protein 

Control 

45-23 

54-77 

in  each  fraction 

0-01 

40-81 

59-19 

0-04 

37-44 

62-56 

Table  4.    Electrophoretic  analysis  of  the  eye  lens  proteins  in  T.  mossambica. 


Concen- 

tration of 

Fractions  (in  the  order, 

,  from  the  slowest  to  the  fastest) 

lens  proteins 

ppm 

1 

2 

3 

4 

5 

6 

7 

Relative  mobility 

Control 

-17-33 

13-33 

'31-66 

42-66 

50-00 

92-33 

100 

as  percentage 

0-01 

-16-99 

13-39 

31-37 

42-16 

49-67 

81-37 

100 

0-04 

-17-16 

13-30 

31-68 

42-24 

49-83 

81-52 

100 

Percentage  of 

Control 

28-39 

20-43 

9-84 

8-66 

8-5 

18-79 

5-65 

protein  in  each 

0-01 

28-50 

22-42 

9-2 

8-89 

8-03 

17-6 

5-27 

fraction 

0-04 

29-4 

20-35 

8-94 

8-51 

7-95 

19-55 

5-24 

one  located  at  the  point  of  application,  four  are  the  slow  anodic  bands,  three  are  the 
medium  fast  anodic  bands,  and  one  is  the  fast  anodic  band  (figure  5A).  The  2nd,  3rd  and 
6th  bands  have  relative  mobilities  of  10-29, 21-34  and  58-54.  They  are  the  major  protein 
bands  (see  table  5). 

Exposure  to  0-04  ppm  mercury  lasting  for  eleven  weeks  caused  significant  changes  in 
the  patterns  of  serum  protein  in  the  group  of  fishes  exposed  to  this  concentration.  After 
the  first  week  of  exposure,  there  was  a  significant  increase  (at  1  %  level)  in  the  protein  of 
the  lower  mobility  bands,  particularly  in  the  3rd  band,  and  a  decrease  in  the  faster 
moving  bands  (figure  5B(a)).  There  was  also  a  remarkable  increase  in  the  mobility  from 
the  2nd  band 'onwards.  These  changes  remained  somewhat  similar  up  to  the  fourth 
week  of  the  exposure  at  the  0-04  ppm.  During  the  fifth  week  the  concentration  of 
mercury  in  the  muscle  of  fishes  was  0-65  ppm.  During  the  eighth  week  of  exposure,  the 
concentration  of  mercury  in  the  muscle  was  1.45  ppm.  In  both  these  situations  only  one 
dense  band  was  seen  in  the  place  of  4th  and  5th  bands.  In  the  ninth  week  of  exposure, 
the  corresponding  muscle  concentration  became  2.04  ppm  of  mercury.  At  this  point,  an 
extra  band  was  seen  over  the  8th  fast-moving  band  which  became  even  more  prominent 
after  the  tenth  week  of  exposure.  After  the  eleventh  week  of  exposure,  when  all  the 
fishes  were  killed  and  analysed,  two  types  of  patterns  were  seen.  Some  had  both  4th  and 
5th  bands  along  with  the  extra  band  in  the  same  position  as  the  others  (figure  5C),  while 
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Table  5.    Electrophoretic  analysis  of  the  serum  proteins  in  T.  mossambica. 


Analysis  of 

Concen- 
tration of 
mercury 

Fractions  (in 

the  order,  from  the  slowest 

to  the  fastest) 

serum  proteins 

ppm 

1 

2 

3 

4 

5 

6 

7 

8a        8b 

9 

Relative  mobility 

as  percentage 

Control 

0 

10-29 

21-34 

32-37 

38-72 

58-54 

66-82 

78-69      — 

100 

0-01 

0 

10-02 

20-48 

32-59 

39-33 

59-41 

69-47 

79-32      — 

100 

0-04 

0 

11-53 

21-22 

33-69 

41-24 

58-45 

68-81 

78-12    86-17 

100 

Percentage  of 

Control 

2-77 

14-87 

19-98 

10-0 

9-92 

21-73 

5-71 

4-95      — 

10-07 

protein  in 

0-01 

2-90 

16-35 

23-62 

14-77 

8-76 

16-68 

5-66 

4-48      — 

6-77 

each  fraction 

0-04 

3-18 

16-99 

24-67 

19-0 

7-12 

16-46 

5-65 

4-03      1-71 

6-02 

the  others  had  only  one  dense  band  in  place  of  the  4th  and  the  5th  bands  along  with  an 
extra  band  in  the  same  position  as  the  others  (figure  5D). 

The  0-01  ppm  group  showed  an  increase  in  the  lower  mobility  bands  and  some 
changes  were  also  noticed  in  their  mobility  (table  5,  figure  5B(b)).  Other  changes  seen  in 
the  0-04  ppm  group  were  not  observed  here.  Moreover,  the  concentration  of  mercury  in 
the- muscle  of  these  fishes  was  much  lower  than  in  the  0-04  ppm  mercury  group.  Unlike 
the  experimental  fishes  described  above,  the  control  group  showed  a  remarkable 
constancy  in  the  number,  mobility  and  in  the  intensity  of  the  protein. 

Towards  the  end  of  the  test  period,  two  fishes  had  died  in  the  0.04  ppm  mercury, 
while  the  others  showed  erratic  swimming  movements  and  had  almost  stopped  feeding. 
In  the  batch  containing  0-01  ppm  mercury,  the  fishes  responded  sluggishly  while  the 
control  group  fed  readily  whenever  food  was  offered  to  them. 

4.1fe  Short-term  exposure:  Short-term  experiments  were  conducted  on  the  serum 
protein  electrophoresis  when  the  fishes  were  exposed  to  very  high  concentrations  of 
mercury  (0-4, 0-6  and  0-8  ppm).  These  were  just  below  the  lethal  level  as  the  48-hr  LC50 
value  of  mercury  to  T.  mossambica  had  previously  been  found  to  be  1  ppm.  The 
experimental  fishes  showed  electrophoretic  patterns  similar  to  the  ones  obtained  in 
0.04  ppm  mercury  after  the  exposure  period  of  eleven  weeks. 

After  3  hr  of  exposure  to  0*4  ppm,  0-6  ppm  and  0*8  ppm  mercury,  the  serum  patterns 
showed  some  increase  in  the  protein  in  the  lower  mobility  bands  and  a  decrease  was 
noticed  in  the  high  mobility  bands  (figure  6A).  The  latter  became  more  pronounced 
after  the  24  hr  exposure  period  (figure  6B).  After  the  exposure  of  48  and  72  hr  also,  a 
distinct  extra  band  was  seen  between  8th  and  the  9th  fast  moving  bands  (figure  6C,D). 
The  control  groups  showed  a  remarkable  stability  in  the  number  of  their  protein  bands 
as  compared  to  the  test  groups.  The  relative  mobility  and  percentage  of  protein  in  each 
band  are  summarized  in  table  6. 

The  electrophoretic  patterns  of  the  serum  and  haemoglobin  in  T.  mossambica  showed 
changes  in  response  to  low  concentrations  of  mercury.  These  changes  became  clearly 
evident  in  the  serum  proteins  at  0*04  ppm  level,  with  respect  to  number,  mobility  and 
the  intensity  of  fractions.  Further,  in  0*04  ppm  mercury,  the  fish  mostly  ignored  the 
food  after  the  5th  week  of  exposure  resulting  in  some  mortality  towards  the  end  of  the 
test  period.  Judging  from  the  .effects  of  this  concentration  of  mercury  on  the  blood 
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proteins,  feeding  behaviour,  swimming  activity  and  the  mercury  concentration  in  the 
muscle  of  these  fishes,  it  can  be  inferred  that  the  observed  changes  in  the  serum  protein 
fractions  were  associated  with  the  increasing  accumulation  of  mercury  in  the  fish  tissue. 

The  clinical  value  of  the  protein  analysis  by  electrophoresis  depends  upon  whether  a 
given  change  represents  an  adaptation  to  stress  conditions  or  a  failure  in  the  supportive 
physiological  and  biochemical  mechanisms  of  the  animals.  Results  from  the  studies 
conducted  by  Bouck  (1966)  showed  that  changes  in  the  plasma  protein  were  due,  in 
parts,  to  the  loss  of  protein  (enzymes)  from  the  tissues  to  the  blood.  Such  a  change  could 
occur  as  a  result  of  an  increase  in  the  rate  of  cellular  degeneration  or  due  to  the  leakage 
of  proteins  across  the  afflicted  cell  membranes. 

Brett  (1958)  offered  the  following  definition  of  the  stress:  "Stress  is  a  state  produced 
by  an  environmental  or  other  factors  which  extends  the  adaptive  responses  of  an  animal 
beyond  the  normal  range,  or  which  disturbs  the  normal  functioning  to  such  an  extent 
that,  in  either  case,  the  chances  of  survival  are  significantly  reduced".  This  definition 
suggests  that  the  degree  of  stress  could  be  assessed  from  the  measurement  of  either  a 
reduction  in  the  physiological  capacity  or  of  the  chances  of  survival  of  the  animal,  or 
from  both. 

In  the  present  study,  there  was  also  a  general  increase  in  the  intensity  of  the  low 
mobility  serum  protein  fractions—a  pattern  similar  to  that  found  in  the  mammalian 
species  under  stress.  Similar  changes  were  also  seen  in  the  serum  proteins  of  the  fish 
exposed  to  realatively  higher  concentrations  of  mercury  which  were  just  below  the 
lethal  level.  There  is  an  evidence  that  the  low  mobility  proteins  in  the  fish  serum 
function  similar  to  that  of  gamma  globulins  found  in  the  human  being,  in  their  being 
the  antibodies  (Post  1963,  1966;  Summerfelt  1966).  Furthermore,  Bouck  and  Ball 
(1967)  observed  that  the  fish  species  with  serum  protein  having  low  levels  of  low 
mobility  fractions  were  least  likely  to  survive  in  polluted  waters.  If  the  low  mobility 
serum  proteins  of  T.  mossambica  function  as  antibodies,  as  in  the  case  of  other  fishes, 
then  in  the  experimental  group,  the  increased  levels  of  protein,  in  the  low  mobility 
serum  proteins,  is  probably  due  to  rapid  and  vigorous  immune  response  shown  by  the 
fish  when  it  is  exposed  to  mercury. 

Selye  (1950)  has  categorized  the  stress  response  of  mammals  into  three  stages:  the 
alarm  reaction,  the  stage  of  resistance,  and  the  stage  of  exhaustion.  It  appears  that  the 
batches  offish  which  were  exposed  to  higher  concentrations  of  mercury  went  through 
all  these  three  stages,  whereas  those  which  were  exposed  to  lower  concentrations  did 
not  reach  the  stage  of  exhaustion.  Rather,  they  were  able  to  accommodate  and  adapt  to 
the  stresses.  This  suggests  that  the  blood  measurements  made  after  a  short  exposure  to  a 
toxicant  would  be  useful  in  determining  the  concentration  of  the  toxicant,  which  under 
the  chronic  exposure  will  produce  ill  effects  on  a  fish  population. 

The  electrophoretic  patterns  of  the  serum  obtained  after  the  exposure  of  48  and  72  hr 
to  sublethal  concentrations  of  mercury,  were  similar  to  the  one  obtained  in  0-04  ppm 
mercury  concentration  when  the  period  of  exposure  was  1 1  weeks.  These  features  can 
be  regarded  as  the  'stress  pattern'  of  the  serum  of  T.  mossamhica  for  the  mercury 
(Menezes  and  Qasim  1983c).  Further  work  is  in  progress  using  other  potential 
pollutants  to  determine  whether  the  stress  pattern  is  similar  in  all  cases.  It  would 
particularly  be  useful  for  testing  whether  or  not  an  effluent  or  a  body  of  water 
containing  a  mixture  of  chemicals  will  collectively  have  a  stressful  effect  on  the  fish. 
Such  a  stress  response  would  tend  to  reflect  the  summation  of  the  effect  of  all  the 
environmental  contaminants  present  and  perhaps  would  reveal  synergistic  effects 
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between  two  or  more  pollutants.  Not  only  should  the  water  be  non-toxic,  it  should  elicit 
no  stress  response  in  the  fish. 

It  can  thus  be  concluded  that  electrophoretic  analysis  provides  a  very  useful  method 
for  certain  aspects  of  biology,  biochemistry  and  medicine,  and  that  it  can  be  used  as  an 

additional  tool  to  evaluate  environmental  stress  on  animals  with  success. 
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Cardiovascular  effects  of  serotonin  on  the  pigeon  Columba  livia 
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Abstract.  The  effect  of  serotonin  on  the  blood  pressure  and  the  heart  rate  of  the  pigeon 
Columba  livia  was  investigated  in  anaesthetised  condition.  The  effect  of  histamine  was  also 
investigated  to  understand  the  mechanism  of  action  of  serotonin.  Serotonin  and  histamine 
were  both  depressors.  Serotonin  produced  bradycardia  while  histamine  produced  tachycardia. 
Atropine  treatment  reversed  the  serotonin-induced  depressor  response  but  only  partially 
blocked  the  histamine-induced  fall  in  blood  pressure.  Atropine  treatment  completely 
abolished  the  serotonin-induced  bradycardia  but  partially  inhibited  the  histamine-induced 
tachycardia.  A  reflex  vagal  activity  and  a  direct  vasoconstrictor  activity  were  proposed  on  the 
action  of  serotonin. 

Keywords.     Serotonin;  histamine;  blood  pressure;  heart  rate;  atropin;  Columba  livia. 

1.  Introduction 

The  role  of  humoral  agents  other  than  catecholamines  that  affects  avian  blood  pressure 
has  received  little  attention.  Sturkie  and  his  co-workers  (1976)  found  depressor 
response  in  the  fowl  after  serotonin  injection  at  doses  ranging  from  0-5  /ig  to  10  jug/kg. 
Serotonin  also  produced  reflex  increase  in  the  heart  rate  in  the  fowl  which  could  be 
blocked  by  atropine  (Woods  1971).  Commenting  on  the  mechanism  of  action,  Bunag 
and  Walazak  (1962)  believed  that  the  depressor  response  in  the  chicken  was  due  to  the 
release  of  histamine  induced  by  serotonin.  The  authors  came  to  this  conclusion  after 
observing  a  pressor  response  by  serotonin  in  chicken  whose  histamine  content  was 
depleted  by  the  chemical  coded  '48/80'.  Interestingly,  on  the  other  hand,  Woods  (1971) 
could  not  find  any  evidence  of  histamine  release  when  the  serotonin-induced  depressor 
response  reached  its  lowest  value  in  the  fowl. 

It  is  now  evident  that  the  mechanism  of  serotonin  induced  blood  pressure  change  was 
examined  in  the  fowl  only  and  the  mechanism  of  action  is  yet  to  be  determined. 
Moreover,  studies  on  a  single  species  are  certainly  not  sufficient  to  reach  any  general 
conclusion  on  any  drug  action  such  as  serotonin.  In  order  to  arrive  at  an  acceptable 
conclusion,  the  action  of  serotonin  on  the  blood  pressure  and  the  heart  rate  of  the 
pigeon  Columba  livia  has  been  studied  and  is  reported  in  this  paper.  Cardiovascular 
action  of  histamine  is  also  studied  to  find  any  similarity  in  its  effects  with  serotonin  in 
order  to  reexamine  the  proposition  made  by  Bunag  and  Walazak  (1962).  Atropine 
treatment  prior  to  serotonin  and  histamine  administration  is  also  made  to  investigate 
the  possible  role  of  reflex  action  of  vagus  to  produce  the  effects. 

2.  Material  and  methods 

Adult  pigeons  (250  to  300  g  body  weight)  of  either  sex  were  used.  The  birds  were  divided 
into  two  groups.  One  group  received  serotonin  injections  at  doses  ranging  from  1  to 
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8  /^g/kg  through  a  venous  cannula  into  the  brachia!  vein  before  and  after  intravenous 
treatment  of  atropine  at  a  dose  of  2  mg/kg.  Fifteen  minutes  after  atropine  treatment, 
serotonin  injections  were  repeated.  The  second  group  received  histamine  treatment  in 
the  same  manner.  All  these  treatments  were  made  on  animals  anaesthetised  by 
intraperitonial  injection  of  pentobarbital  sodium  (Nejnbutai,  Abbott  Laboratories)  at  a 
dose  of  40  mg/kg.  The  arterial  blood  pressure  and  the  heart  rate  were  recorded  as 
described  by  Banerjee  and  Ghosh  (1982). 

Histamine  was  injected  as  histamine  dihydrochloride  (E.  Merck),  serotonin  as 
serotonin-creatinin  sulphate  (E.  Merck)  and  atropine  as  atropine  sulphate  (Gluconate 
'Limited).  All  the  drugs  were  dissolved  in  normal  saline  except  atropine  which  was 
purchased  as  aqueous  solution.  The  doses  were  expressed  as  its  salt  form. 


3.  Results 

In  normal  pigeons  1  /^g/kg  serotonin  injection  could  not  produce  any  change  in 
blood  pressure  and  the  heart  rate.  In  some  pigeon,  the  doses  of  1  and  2  /ig/kg  of 
serotonin  produced  little  rise  in  the  blood  pressure.  The  doses  of  2,  4,  and  8  //g/kg 
serotonin  produced  a  fall  in  the  blood  pressure  (figures  1,  3).  This  was  occasionally 
followed  by  a  little  rise  in  blood  pressure.  Histamine  also  produced  a  fall  in  the  blood 
pressure  in  doses  ranging  from  1  to  8  /xg/kg  and  was  sometimes  followed  by  a  slight  rise 
in  blood  pressure  (figures  2,  3).  The  depressor  response  produced  by  histamine  was 
greater  than  that  of  serotonin.  High  doses  of  histamine  (2,  4,  and  8  ^g/kg)  resulted  in 
greater  fall  in  diastolic  pressure  than  systolic. 

The  effects  on  the  heart  rate  induced  by  serotonin  or  histamine  presented  some 
interesting  features.  Serotonin  at  doses  ranging  from  2  to  8  /^g/kg  produced  a  fall  in  the 
heart  rate  while  histamine  at  all  doses  produced  a  rise  of  the  same  (table  1). 

Atropine  treatment  before  serotonin  injections  reversed  the  depressor  response  to  a 
pressor  one,  but  the  same  treatment  before  histamine  could  partially  inhibit  the 
depressor  response  (figures  1,  2,  3).  The  bradycardia  induced  by  serotonin  was 
completely  inhibited  after  atropine  treatment  while  the  tachycardia  after  histamine  was 
partially  blocked  at  high  doses  and  completely  suppressed  at  low  doses  (table  1). 

4.  Discussion 

The  blood  pressure  response  after  serotonin  in  the  pigeon  was  depressor  in  all  the 
effective  doses.  Similar  findings  were  reported  by  Sturkie  (1976)  in  the  fowl.  The 
reversal  of  depressor  response  induced  by  serotonin  after  atropine  treatment  indicates 
an  unmasking  of  a  direct  vasoconstrictor  action  of  serotonin.  This  serotonin  induced 
vasoconstriction  was  also  observed  in  the  isolated  aortic  strips  of  chicken  (Moore  1978) 
and  the  Chucker,  Alectoris  graeca  (Muramatsu  and  Bern  1979).  The  partial  blockade  of 
histamine  induced  fall  in  blood  pressure  after  atropine  treatment  supports  the  view  of 
Woods  (1971)  that  histamine  was  not  responsible  for  the  serotonin-induced  depressor 
response.  Also,  it  seems  that,  histamine  acts  directly  on  the  blood  vessels  producing 
vasodilatation  as  evidenced  from  the  greater  fall  in  the  diastolic  blood  pressure  than 
systolic.  On  the  other  hand,  there  was  a  tendency  of  greater  fall  in  systolic  blood 
pressure  after  serotonin  injection  before  atropine  treatment. 
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Figures  1,  2.  Histograms  showing  the  effect  of  1.  serotonin  2.  histamine  on  the  systolic  and 
diastolic  blood  pressure  of  the  pigeon  before  and  after  atropine  treatment.  The  results  are 
expressed  as  decrease  ( — )  or  increase  ( +)  of  the  blood  pressure  from  the  preinjection  level,  0. 
(The  dose  of  I  /^g/kg  produced  no  change  (X).  figure  1). 
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Figure  3.  Blood  pressure  recordings  showing  the  effects  of  serotonin  and  histamine  on  the 
blood  pressure  of  pigeon.  Panels  A  and  B  show  the  effect  of  serotonin  injection  (4  MgAg) 
before  and  after  atropine  treatment  respectively,  in  one  animal.  Panels  C  and  D  show 
histamine-induced  changes  in  blood  pressure  at  a  dose  of  8  fig/kg  before  and  after  atropine 
treatment  respectively  in  another  animal.  Horizontal  bars  on  the  right  of  each  panel  represent  2 
sec  time.  Vertical  calibrations  on  the  left  indicate  the  blood  pressure  in  mm  Hg. 


Instead  of  a  rise  in  the  heart  rate  as  reported  by  Woods  (1971)  in  the  fowl,  a  decrease 
was  noted  in  the  pigeon.  This  was  also  blocked  by  atropine  indicating  a  reflex  vagai 
activity  induced  by  serotonin.  The  positive  chronotropic  effect  induced  by  histamine  was 
also  found  in  other  avian  species  (Sturkie  1976).  The  partial  inhibition  of  histamine 
induced  rise  in  the  heart  rate  by  atropine  points  to  a  direct  action  of  histamine  on  the 
myocardium  (at  least  to  some  extent).  Nothing  definite  can  be  said  on  the  possible  role 
of  cardiovascular  chemoreceptor  as  its  function  is  yet  to  be  ascertained  (Magno  1973). 
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Table  .1 .    Effects  of  serotonin  and  histamine  on  the  percent  increase  ( T)  or  decrease  ( 1)  in  tin 
heart  rate  of  the  pigeon  before  and  after  atropine  treatment. 

Treatments 
Serotonin  Histamine 


Doses 

Untreated 

Atropine 
treated 

Untreated 

Atropine 
treated 

1 
2 
4 
8 

0 
(1)40-013-2 
(i)34-0±3-5 
(1)40-2  ±6-8 

0 
0 
0 
0 

(T)  9-1  +  1-6* 
(T)22-4±4-9 
(1)26-9  ±6-9 
(T)34-l±8-7 

0 
0 
(T)  5-3  ±1-8** 
(t)10-9±2-3*** 

*Mean  ±  SEM.   **p  <  0-01;   ***p  <  0-05  after  paired  student's   t   test   with  untreated 
0  indicates  no  change. 

It,  therefore,  seems  quite  probable  that  the  depressor  response  induced  by  serotonir 
in  the  pigeon  was  principally  due  to  the  reflex  drop  in  the  heart  rate  leading  to  a  fall  ir 
the  cardiac  output.  On  the  other  hand,  the  action  of  histamine  was  direct  and  wai 
antagonised  by  atropine  at  the  receptor  level. 


References 

Banerjee  D  and  Ghosh  A  1982  Effect  of  isoprenaline  on  the  blood  pressure  of  the  pigeon,  Colwnba  livia 

Comp.  Physiol  EcoL  7  96-98 
Bunag  D  and  Walazek  E  J  1962  Blockade  of  depressor  responses  to  serotonin  and  tryptamine  by  lysergic  ack 

derivatives  in  the  chicken;  Arch.  Int.  Pharmacodyn.  Ther.  135  1-8 
Magno  M  G  1973  Cardio-respiratory  responses  to  carotid  body  stimulation  with  NaCN  in  the  chicken 

Respir.  Physiol.  17  220-226 

Moore  A  F  1978  Vascular  actions  of  angiotensin  II  (A  II)  in  the  fowl  (Gallus  domesticus);  Fed.  Proc.  37  38' 
Muramatsu  I  and  Bern  H  A  1979  Effects  of  urotensin  I  on  the  isolated  dorsal  aorta  of  the  Chucker,  Alectori 

graeca;  Gen.  Comp.  Endocrinol.  37  150-155 
Sturkie  P  D  1976  Heart  and  Circulation:  Anatomy,  Hemodynamics,  Blood  Pressure,  Blood  Flow  and  Bod; 

Fluids;  in  Avian  physiology,  (ed)  P  D  Strukie  3rd  edn  (Springer- Verlag)  76-101 
Woods  J  J  1971  Studies  on  the  distribution  and  action  of  serotonin  in  the  avian  cardiovascular  system;  Ph.D 

thesis,  Rutgers  University,  New  Brunswick,  New  Jersey. 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  3,  April  1984,  pp.  203-223. 
©  Printed  in  India. 


The  problem  of  marine  timber  destroying  organisms  along  the  Indian 
coasts 
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India 

Abstract.  The  serious  problem  of  destruction  of  wood  in  sea  and  brackish  waters  of  India 
has  been  discussed  with  special  reference  to  the  organisms  that  are  involved,  their  distribution, 
nature  of  infestation  and  vertical  distribution,  seasons  of  settlement,  duration  of  larval  period, 
growth  rates  and  dispersal.  The  different  ecological  factors  that  determine  the  distribution  of 
borers  have  been  described  such  as  temperature,  salinity,  primary  film,  rate  of  water  flow, 
turbidity,  pollution,  effects  of  fouling,  parasites,  predators  and  associates.  Control  measures  to 
check  their  ravages  are  also  indicated. 
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1.    Introduction 

There  has  probably  never  been  a  period  in  the  history  of  developing  countries  when 
interest  in  the  utilisation  of  timber  and  progress  in  this  field  have  been  greater  than  at 
present.  Conservation  and  protection,  have,  therefore,  become  extremely  essential  for 
the  effective  utilisation  of  the  limited  resources.  There  are  two  approaches  to  the 
problem  of  the  destruction  of  wooden  structures  in  sea  water  exposures.  One  is 
discarding  the  home-grown,  susceptible  timbers  as  structural  materials  for  marine 
constructions  and  seagoing  craft,  and  using  more  expensive  materials  such  as  steel, 
concrete  etc  but  even  these  are  not  exempt  from  the  ravages  of  all  types  of  deterioration 
and  are  vulnerable  to  one  or  more  of  the  destructive  processes.  The  utilisation  of  steel 
and  concrete  for  all  kinds  of  marine  constructions  will  certainly  be  impracticable  for  a 
long  time  in  developing  countries  like  India.  The  other  approach  is  the  use  of  home- 
grown timber  as  building  material,  with  the  use  of  every  device  and  technique  calculated 
to  prolong  their  service  life.  Careful  conservation  and  scientific  protection  are  integral 
parts  of  this  reasonably  sound  approach.  This  involves  among  others  a  precise 
understanding  of  the  biology  of  the  organisms  which  are  responsible  for  the 
destruction.  Successful  control  measures  depend  upon  a  knowledge  of  the  nature  of 
organisms  against  which  the  control  is  directed.  Studies  along  these  lines  have  been  in 
progress  in  the  University  of  Kerala. 


2.    The  organisms  that  cause  destruction  of  timber  along  the  coasts  of  India 

Timber  in  seawater  exposures  is  threatened  by  decay  through  the  action  of  bacteria, 
fungi,  and  marine  boring  organisms.  The  borers  are  chiefly  active  below  the  low  water 
level  and  decay  is  mainly  above  this  level.  Both  damage  in  the  intertidal  zone.  The 
borers  chiefly  belong  to  two  groups,  the  Mollusca  and  the  Crustacea.  The  molluscs  are 

203 


204  N  Balakrishnan  Nair 

Table  1.    The  nature  of  distribution  of  shipworms  along  the  coasts  of  India. 


West  Andhra  Tamil 

Name  of  species  Bengal  Orissa  Pradesh  Nadu 

Bactronophorus  thoracites  (Gould)  x  x  x  x 

Neoteredo  reynei  (Bartsch)  _____ 

Dicyathifer  manni  (Wright)  x  x  x  x 

Teredothyra  excavata  (Jeffreys)  —  —  —  x 

Teredothyra  matocotana  (Bartsch)  —  —  —  — 

Teredothyra  smithi  (Bartsch)  —  —  —  x 

Teredora  palauensis  (Edmondson)  —  —  —  — 

Teredora  princesae  (Sivickis)  —  x  —  x 

Uperotus  clavus  (Gmelin)  —  —  x  x 

Uperotus  rehderi  (Nair)  —  —  —  x 

Teredo  aegypos  Moll  —  —  —  — 

Teredo  clappi  Bartsch  —  —  x  x 

Teredo  bartschi  Clapp  (T.  fragilis  Tate)  — •  —  x  x 

Teredo  fulleri  Clapp  —  —  —  x 

Teredo  furcifera  Martens  —  —  x  x 

Teredo  somersi  Clapp  —  —  —  — 

Teredo  triangularis  Edmondson  —  —  x  x 

Lyrodus  affinis  (Deshayes)  —  —  x  x 

Lyrodus  massa  (Lamy)  —  —  x  x 

Lyrodus  pedicellatus  (Quatrefages)  —  x  x  x 

Nototeredo  edax  (Hedley)  —  —  x  x 

Nototeredo  knoxi  (Bartsch)  —  x  —  — 

Spathoteredo  obtusa  (Sivickis)  —  —  —  — 

Nausitora  dunlopei  Wright  x  x  x  x 

N ausitora  fusticula  (Jeffreys)  —  x  —  — 

Nausitora  hedleyi  Schepman  —  x  —  x 

Nausitora  oahuensis  (Edmondson)  _____ 

Bankia  bipalmulata  (Lamarck)  —  —  —  x 

Bankia  bipennata  (Turton)  —  —  x  x 

Bankia  campanellata  Moll  &  Roch  x  x  x  x 

Bankia  carinata  (Gray)  x  x  x  x 

Bankia  fimbriatula  Moll  &  Roch  —  x  —  — 

Bankia  nordi  Moll  x  —  —  x 

Bankia  rochi  Moll  x  x  x  — 

x ,  present;  — ,  not  recorded. 

represented  by  five  genera  of  pholads  namely  Pholas,  Martesia,  Xylophaga,  Barnea  and 
Lignopholas  (piddocks)  and  by  12  genera  of  shipworms  of  the  family  Teredinidae.  The 
crustacean  wood  borers  are  mainly  confined  to  the  order  Isopoda  and  are  represented 
by  two  well-known  genera,  Sphaeroma  (pill  bugs)  and  Limnoria  (gribbles).  Thirty  four 
species  of  shipworms,  7  species  of  piddocks,  5  species  and  1  variety  of  pill  bugs  and  not 
less  than  9  species  of  gribbles  have  so  far  been  reported  from  the  coasts  of  India  (tables 
1,  2).  Thus  the  attack  on  timber  is  the  concerted  effort  of  a  heterogenous  assemblage 
consisting  of  at  least  55  different  species  of  crustaceans  and  molluscs,  besides  the 
bacteria  and  the  fungi.  These  are  engaged  in  a  relentless  destruction  of  valuable  timber 
thereby  reducing  its  service  life  in  the  sea,  in  the  brackish  water  and  even  in  almost 
freshwater.  An  accurate  assessment  of  the  quantum  of  damage  has  never  been  made  in 
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this  country.  According  to  one  estimate  by  Becker  (1958),  the  cost  of  periodic 
replacement  of  fishing  crafts  alone  as  a  result  of  the  activity  of  marine  timber  destroying 
organisms  is  estimated  at  Rs  25  lakhs.  This  does  not  include  the  damage  done  to  the 
numerous  water-front  structures  such  as  harbour  construction  etc.,  the  estimation  of 
which  is  not  easy.  Therefore,  the  total  property  damage  caused  by  these  pests  each  year 
must  be  enormous.  Purushotham  and  Rao  (1971)  estimate  that  in  India,  the  fishing 
industry  alone  suffers  an  annual  loss  of  about  ten  million  rupees  owing  to  the  ravages 
on  wooden  catamarans,  boats  etc,  by  molluscan  and  crustacean  borers  along  the  coasts. 
The  problem  is  thus  as  important  as  that  of  coastal  erosion  and  should,  therefore,  be 
treated  with  all  the  seriousness  it  certainly  deserves. 
Of  the  marine  wood-borers  that  occur  and  are  active  along  our  extensive  coasts,  the 
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Table  2.    Distribution  of  woodboring  pholads  along  the  coasts  of  India. 


West  Andhra  Tamil 

Name  of  species  Bengal  Orissa  Pradesh  Nadu 

Martesia  striata  (Linnaeus)  +  +                    +  + 

Martesia  fragilis  Verrill  &  Bush  _  _                    __  + 

Martesia  sp.  (obtecta  Sowerby?)  _  _                    _  + 

Pholas  chiloensis  Molina  _____ 

Barnea  birmanica  Philippi  —  —                    —  + 

Barnea  manillensis  Philippi  —  —                    —  — 

Xylophoga  sp.  —  +                    —  — 

Lignopholas  n.  sp.  —  —                    —  — 

+  ,  present;  — ,  not  recorded. 


shipworms,  piddocks  and  the  pill  bugs  are  responsible  for  most  of  the  destruction. 
Gribbles  though  present,  have  not  yet  assumed  any  great  importance  since  they  occur 
only  sparcely.  Recent  studies  have  shown  that  there  is  severe  destruction  of  wood  by 
crustacean  borers  in  the  coastal  areas  (Dharmaraj  and  Nair  1980)  in  the  estuaries, 
backwaters  (Nair  1965, 1965a,  1966)  and  also  in  the  mangrove  forests  (Dharmaraj  and 
Nair  1980a). 


3.    The  nature  and  extent  of  damage 

After  settlement  on  wood,  the  shipworm  larva  transforms  into  the  boring  mollusc  and 
grows  with  remarkable  rapidity.  Since  the  rate  of  growth  is  proportional  to  the 
destruction  of  timber,  each  shipworm  during  its  life  time  destroys  a  column  of  wood  of 
the  same  dimension  as  its  largest  size.  The  bore-hole  of  the  piddock  is  much  smaller 
than  that  of  shipworm,  yet  its  rapid  rate  of  growth,  and  its  ability  to  penetrate  deeper 
and  deeper  in  each  generation  cause  speeedy  destruction  of  timber.  M.  striata  has  the 
ability  to  live  in  waters  of  very  low  salinity  and  hence  this  species  is  very  widely 
distributed  in  the  estuaries  and  backwaters  of  low  salinity  all  along  the  coasts.  On 
account  of  their  density  of  attack,  quick  development,  rapid  succession  of  generations 
and  great  tolerance  to  low  salinities  these  pholads  are  of  special  importance  from  the 
point  of  view  of  timber  destruction  along  the  Indian  coasts.  The  pill  bug  (Sphaeroma) 
excavates  cylindrical  burrows  twice  as  long  as  its  body  and  are  oriented  at  right  angles 
to  the  surface  of  the  wood.  Their  dense  settlement,  gregarious  habits  and  rapid  rate  of 
reproduction  contribute  to  deeper  and  deeper  penetration  of  timber.  Unlike  the 
molluscs,  attack  on  fresh  surface  is  effected  by  migrating  juveniles  or  adults.  Attack  is 
heaviest  in  the  intertidal  zone,  the  maximum  intensity  being  at  half  tide  level. 
Sphaeromatids  constitute  a  very  serious  threat  to  all  available  pieces  of  timber  in  the 
coastal  areas  especially  the  estuaries.  Limnoria  though  considerably  much  smaller  than 
Sphaeroma  is  capable  of  effecting  a  progressive  tunnelling  action  on  wood  and  can 
make  a  burrow  several  times  the  length  of  its  body.  Innumerable  small  holes,  produced 
by  these  give  the  wood  a  sponge-like  texture  and  lace-like  appearance.  Burrows  usually 
follow  the  grain  and  are  close  to  the  surface  of  the  wood. 
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Thus  the  nature  of  damage  by  the  molluscs  and  crustaceans  is  different,  producing 
different  effects  on  timber.  This  enables  them  to  share  effectively,  without  serious 
competition,  this  common  substratum  which  is  limited  in  extent.  The  crustaceans  work 
from  the  outside  and  the  molluscs,  particularly  the  shipworms  penetrate  deep  into  the 
'heart'  of  timber.  The  combined  action  of  these  two  groups  of  borers  converts  the  wood 
into  a  highly  porous,  weak  and  fragile  mass.  The  crustaceans  have  the  added  ability  to 
enter  even  creosoted  shell  of  treated  timber  which  the  ship  worm  larvae  are  unable  to  do. 

Besides  the  woodboring  animals,  wood  infesting  bacteria,  and  fungi,  especially  in  the 
Ascomycetes  and  in  the  Deuteromycetes  (Fungi  imperfecti),  actively  participate  in  a  sort 
of 'conditioning'  of  the  timber,  preparing  it  for  the  subsequent  attack  by  borers.  This  is 
a  biological  phenomenon  of  considerable  importance  in  the  ecology  of  marine  borers. 
The  activity  of  the  fungi  leads  to  a  kind  of  deterioration  called  'soft  rot'  which  is  a  sort  of 
superficial  softening  of  the  wood  through  a  cellulolytic  process.  These  fungi  which  are 
resistant  to  preservatives,  release  a  strong  cellulase  which  hydrolyses  the  unlignified  cell 
elements  leading  to  the  softening  and  disintegration  of  the  outer  tissues  of  timber.  Even 
though  the  magnitude  of  damage  by  these  is  not  spectacular  and  may  not  even  be 
noticed  by  the  layman,  the  importance  lies  in  the  fact  that  their  silent  and  steady  activity 
soon  after  submergence  of  timber  prepares  it  for  attack  by  the  crustaceans  and 
molluscs.  The  borers  in  turn  help  the  fungi  to  spread  deeper  and  deeper  into  the  timber, 
thereby  enabling  them  to  expand  the  field  of  operation  from  superficial  layers  to  its  very 
core.  The  relation  between  gribbles  and  these  fungi  seems  to  be  of  a  symbiotic  type.  The 
fungal  infestation  on  light  timbers  of  the  catamarans,  dugout  canoes  and  other  fishing 
crafts,  according  to  Becker  and  Kohlmeyer  (1958)  is  not  the  usual  superficial  type,  the 
penetration  being  deep,  affecting  the  entire  log.  The  periodic  drying  of  these  logs 
accelerates  the  spread  of  the  fungal  hyphae  which  get  effective  ventilation  through  the 
large  vessels  of  these  light  timbers.  Preliminary  studies  have  revealed  the  existence  of 
several  species  of  marine  fungi  in  test  panels. 

4.    The  pattern  of  distribution  of  timber  borers  along  the  coasts  of  India 

The  pattern  of  distribution  of  the  teredine,  pholadid  and  crustacean  wood-borers  along 
the  coasts  of  India  and  in  the  Indian  ocean  islands  is  shown  in  tables  1-3  respectively. 
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Table  3.    Distribution  of  crustacean  wood  borers  along  the  coasts  of  the  various 


West  Andhra  Tamil 

Name  of  species  Bengal  Orissa  Pradesh  Nadu 

Sphaeroma  terebrans  Bate  —  —  +  + 

Sphaeroma  annandalei  Stebbing  —  —  -f  + 

Sphaeroma  annandalei  travencorensis  Pillai  —  —  —  — 

Sphaeroma  tuberculatum  George  —  —  —  -j- 

Sphaeroma  walkeri  Stebbing  —  —  4.  + 

Sphaeroma  triste  Heller  —  —  —  + 

Limnoria  indica  Becker  and  Kampf  —  _  _  + 

Limnoria  septima  Barnard  —  —  —  — 

Limnoria  tripunctata  Menzies  —  —  —  4- 

Limnoria  bombayensis  Pillai  —  —  —  _ 

Limnoria  pfefferi  Stebbing  —  —  —  + 

Limnoria  unicornis  Menzies  —  —  —  — 

Limnoria  platycauda  Manzies  —  —  —  — 

Limnoria  andamanensis  Rao  and  Ganapati  —  —  —  — 

Limnoria  insulae  Menzies  —  —  —  — 


+  ,  present;  — ,  not  recorded. 

This  list  is  not  a  complete  representation  of  the  species  that  occur  since  virtually 
nothing  is  known  regarding  their  incidence  from  many  areas  along  our  coasts.  This  list 
is  compiled  from  observations  in  certain  selected  localities  or  from  the  vicinity  of 
research  institutions  which  carry  out  studies  on  marine  boring  animals.  Reports  from 
other  localities  are  mostly  based  on  a  few  collections  which  are  not  expected  to  yield 
satisfactory  results.  Nevertheless,  the  members  noted  in  the  list  would  represent  the 
most  dominant  forms  and  therefore,  the  highly  destructive  species  in  the  respective 
localities.  Some  species  such  as  Dicyathifer  manni,  Teredofurcifera,  Lyrodus  pedicellatus, 
B.  carinata,  B.  rochiand  Martesia  striata  are  widely  distributed  along  our  coasts.  Except 
Neoteredo  reynei,  Bankia  rochi,  B.fimbriatula,  N  ausitora  fusticula,  Nototeredo  knoxi, 
Spathoteredo  obtusa,  Teredothyra  matocotana,  Teredora  palauensis.  Teredo  somersi, 
Teredo  aegypos  and  Nausitora  oahuensis  all  others  occur  along  the  Tamil  Nadu  coast. 
The  next  higher  species  representation  is  along  the  coast  of  Andhra  Pradesh  from  where 
as  many  as  18  species  of  molluscan  wood  borers  have  been  reported.  This  is  roughly 
proportional  to  the  amount  of  work  carried  out  from  the  coasts  of  the  various  states. 
The  number  of  species  occurring  along  the  coasts  of  other  states  might  also  be  much 
more  than  that  indicated  and  it  necessitates  further  detailed  surveys  along  the 
unexplored  coastal  zones. 

Some  interesting  features  could  be  observed  from  the  record  of  occurrence  in  various 
localities  and  from  the  nature  of  distribution  of  the  woodboring  pests  along  the  coasts. 
Many  species  shows  a  discontinuous  distribution,  e.g.  species  of  Teredothyra,  Uperotus 
etc.  T.  smithi  has  been  collected  from  Tamil  Nadu,  Gujarat  and  the  Lakshadweep  coasts 
only.  Species  of  Uperotus  are  characteristic  in  their  occurrence  only  along  the  coasts  of 
Andhra  Pradesh,  Tamil  Nadu  and  in  the  Lakshadweep  Archipelago.  T.furcifera,  one  of 
the  widely  distributed  species  has  not  so  far  been  reported  from  West  Bengal  and  Orissa 
coasts.  Teredo  fulleri  seems  to  be  a  characteristic  borer  occurring  in  the  Gulf  of  Mannar 
and  the  Palk  Bay  coasts  of  Mandapam,  neighbouring  islands  and  in  the  Lakshadweep 
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Archipelago.  Teredo  bartschi,  L.  affinis,  Nototeredo  knoxi,  Nausitora  dunlopei,  N. 
fusticula,  Bankiafimbriatula,  B.  bipennata,  Xylophaga  sp.  and  Barnea  biramanica  also 
have  been  reported  from  the  east  coast  of  India  but  not  so  far  from  the  west  coast. 

Table  2  presents  the  nature  of  distribution  of  the  crustacean  borers.  Throughout  the 
west  coast  and  along  the  east  coast  bordering  Andhra  Pradesh  and  Tamil  Nadu, 
Sphaeroma  terebrans  has  been  reported  to  occur  abundantly  in  brackish  water  and 
other  estuarine  localities.  S.  annandalei  var.  travancorensis  occurs  along  Kerala  and 
Karnataka  coasts  and  S.  tuberculatum  is  known  only  from  its  type  locality,  Tuticorin.  S. 
triste  occurs  along  the  coast  of  Tamil  Nadu  and  in  the  Andaman  and  Nicobar  Islands.  S. 
walkeri  has  been  collected  from  Maharashtra,  Kerala,  Tamil  Nadu  and  Andhra  coasts. 
Of  the  nine  species  of  limnorids,  all  but  Limnoria  tripunctata  and  L.  bombayensis  occur 
in  the  Andaman  and  Nicobar  Islands.  Limnorids  are  apparently  not  very  active  along 
the  coasts  of  Kerala,  Karnataka,  Andhra  Pradesh  and  Gujarat.  In  some  localities  such 
as  Bombay,  Madras,  Mandapam  and  the  Lakshadweep  Archipelago,  the  incidence  of 
limnorids  has  been  steadily  increasing  and  this  is  likely  to  cause  damage  to  the 
superficial  layers  of  exposed  wood.  Limnoria  indica  and  L.  bombayensis  are  the 
destructive  species  along  the  coasts  of  the  mainland. 

Preliminary  studies  in  the  Pichavaram  mangrove  forests  on  the  south-east  coast  of 
India  have  shown  that  woodboring  animals  are  very  active  there  and  these  represent  a 
perennial  source  for  infestation  along  the  coasts.  At  least  six  species  of  shipworms 
namely  Bactronophorus  thoracites,  Lyrodus  pedicellatus,  Teredo  furcifera,  Nausitora 
hedleyi,  B.  carinata  and  B.  companellata;  the  pholads,  Martesia  striata,  Barnea 
biramanica;  and  the  pill  bugs  Sphaeroma  terebrans  and  S.  annandalei  have  so  far  been 
recorded. 

Studies  on  the  nature  of  infestation  in  the  aquafarms  along  the  south-east  coast 
revealed  that  several  species  occur  there  and  rapidly  reduce  the  service  life  of  timber 
used.  The  different  types  of  equipments  used  in  these  operations  experience  different 
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types  of  borer  activity  depending  on  the  level  and  locality  of  exposure.  In  the  Karapad 
creek  oyster  farms  at  Tuticorin  the  most  dominant  and  destructive  species  are  Teredo 
furcifera,  Lyrodus  pedicellatus,  L.  affinis  and  Martesia  striata.  The  teredines  infest  the 
piles  from  surface  to  mudline  with  dense  settlement  near  the  bottom  and  the  attack  of 
pholad  is  dense  a  little  below  the  low  water  mark. 

In  the  pearl  oyster  and  seaweed  farms  located  along  the  coast  of  Krusadai  Island  in 
the  Gulf  of  Mannar  the  relative  abundance  of  different  species  of  shipworms  is  as 
follows:  Teredo furc ifera,  Teredo  fulleri,  Lyrodus  pedicellatus,  Teredo  triangularis  and  T. 
bartschL  The  most  affected  are  the  sea  weed  farms  where  numerous  wooden  piles  have 
been  installed  for  the  rope  culture  of  Gracilaria  spp.  and  other  algae.  In  these  farms 
gribbles  (Limnoria  spp)  also  are  active.  In  the  oyster  and  fish  farms  wood  is  riddled 
mostly  by  Teredo  fur cif era  and  Lyrodus  pedicellatus.  Stakes  used  here  are  serviceable 
only  for  a  brief  period  of  about  4  months  despite  the  traditional  protective  coatings 
applied  on  them  prior  to  installation.  Along  the  coast  of  Hare  Island  T.  furcifera,  T. 
bartschi,  T.  fulleri  and  L.  pedicellatus  are  destructive.  Stray  occurrence  of  Limnoria  has 
also  been  noticed. 

In  the  aquafarms  in  the  Vellar  estuary  near  Porto-Novo  occur  L.  pedicellatus,  N. 
hedleyi,  S.  terebrans  and  S.  annandalei. 

The  Nethravathy-Gurupur  estuary  and  the  coastal  waters  of  Mangalore  on  the 
South-west  coast  harbour  L.  pedicellatus,  Dicyathifer  manni,  N.  hedleyi,  M.  striata,  S. 
terebrans  and  S.  annandalei.  Most  of  these  species  are  capable  of  tolerating  the 
fluctuating  salinity  encountered  in  such  situations. 

The  Vembanad  and  the  Ashtamudi  lakes  on  the  Kerala  coast  with  extensive 
fishery  activity  and  aquacultural  possibilities  contain  such  species  as  L.  pedicellatus,  T. 
furcifera,  Nausitora  hedleyi,  Dicyathifer  manni,  S.  terebrans,  S.  annandalei  and  M. 
striata.  B.  carinata  is  seen  occasionally  near  the  bar  mouth.  N.  hedleyi  is  most 
destructive  in  the  Vembanad  Lake. 

In  the  Vizhinjam  Bay  on  the  South-west  coast  the  wooden  rafts  used  for  the  culture 
of  pearl  oysters  and  mussels  are  attacked  by  L.  pedicellatus,  B.  carinata,  B.  campanellata, 
T.  furcifera,  L.  massa  and  M.  striata. 

Timber  structures  and  drift  wood  in  the  coastal  waters  of  the  Lakshadweep 
Archipelago  were  found  to  harbour  not  less  than  19  species  of  molluscan  borers.  The 
dominant  ones  in  the  region  are  Teredo  fulleri,  T.  clappi  and  Lyrodus  massa  (Nair  and 
Dharmaraj  1983). 

5.    Nature  of  infestation  and  vertical  distribution 

Information  on  the  nature  of  vertical  distribution  of  woodboring  animals  is  of 
considerable  value  since  the  degree  of  deterioration  at  different  levels  along  a  pile  is 
based  on  the  intensity  of  settlement  and  growth  at  these  levels.  Further,  a  study  of  the 
varied  biological  relations  which  permit  a  heterogenous  group  of  boring  animals  to 
share  a  common  and  limited  habitat  will  be  of  interest  ecologically. 

Depending  on  the  depth  of  exposure  of  the  wooden  equipment,  the  intensity  of 
destruction  would  vary.  Piles  and  stakes  are  infested  from  high  water  mark  to  the  very 
mud-line  since  they  run  throughout  the  water  column  and  are  subjected  to  settlement 
by  all  kinds  of  borers.  Shipworms  generally  infest  the  wood  from  surface  to  bottom 
with  dense  settlement  a  little  above  the  mud-line  both  in  coastal  waters  and  in  estuaries 
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(Nair  1966;  Nair  and  Dharmaraj  1979).  In  the  estuarine  shipworm  N.  hedleyi  significant 
differences  have,  however,  been  noticed  in  the  intensity  of  settlement  at  the  different 
levels  during  the  different  periods  of  the  year  (Saras wathy  and  Nair  1969).  During  the 
monsoon  period  distinctly  greater  numbers  settled  over  the  bottom.  During  the  post- 
monsoon  the  nature  of  settlement  was  different  with  greater  strike  sub-tidally.  This 
shift  in  the  nature  of  settlement  is  probably  due  to  the  influence  of  some  ecological 
factor,  most  probably  salinity.  It  was  not  evident  from  tests  whether  the  larvae  were 
distributed  equally  throughout  the  water  column  and  only  those  at  certain  levels  were 
successful  in  settling  and  surviving  giving  the  impression  of  greater  settlement  at  those 
levels.  This  case  suggests  that  borer  activity  though  generally  considered  most 
abundant  near  the  bottom  need  not  necessarily  be  so  at  all  locations.  Teredo  furcifera 
has  been  found  to  settle  abundantly  near  the  low  water  mark  in  Visakhapatnam 
harbour  (Nagabhushanam  1960).  Martesia  striata  is  active  throughout  the  water 
column  in  coastal  waters,  but  the  region  of  dense  attack  in  estuarine  environments  is 
near  the  bottom  (Nair  1966;  Dharmaraj  and  Nair  1979).  Thus  in  estuarine  areas,  attack 
by  both  shipworms  and  piddocks  is  concentrated  towards  the  bottom  and  this  region  of 
the  piles  becomes  weak  and  breaks  off.  Sphaeromatids  and  limnorids  abound  the 
timber  structures  at  the  intertidal  zone.  In  the  backwater  and  estuarine  environments 
piles  and  pillers  subjected  to  sphaeromatid  attack  assume  characteristic  hour-glass- 
shape  in  course  of  time  on  account  of  the  combined  action  of  borers  and  the  mechanical 
action  of  waves.  Floating  rafts  in  coastal  areas  are  likely  to  be  invaded  by  piddocks, 
limnorids,  and  shipworms  in  the  areas  of  contact  with  water  but  the  intensity  of 
destruction  would  be  less  severe  than  in  fixed  structures.  Rafts  exposed  in  brackish 
water  and  estuarine  areas  are  susceptible  to  heavy  attack  by  sphaeromatids.  Cages  and 
rafts  used  in  mariculture  operations  would  experience  varied  types  of  borer  activity 
depending  on  the  depth  of  exposure  and  the  species  of  borer  present  in  the  area. 

Woodboring  sphaeromatids  are  active  in  brackish  water  but  the  allied  isopod 
Limnoria  is  quite  different  in  its  preferences,  none  being  recorded  as  destructive  in  low 
saline  areas.  Martesia  striata  is  able  to  thrive  in  a  wide  range  of  salinity  but  M.fragilis 
Dccurs  only  in  the  offshore  waters  where  conditions  are  quite  constant.  Of  the  dominant 
species  of  teredinids  in  India  L.  pedicellatus  has  been  highly  destructive  in  estuaries, 
mangrove  swamps,  backwaters  and  also  in  coastal  waters.  T.  furcifera  is  active  mostly  in 
:oastal  waters  and  occasionally  intrudes  into  estuaries  also  when  conditions  are 
favourable.  B.  carinata  and  B.  campanellata  are  destructive  in  coastal  and  offshore 
waters.  Species  of  the  genus  Nausitora  have  mostly  been  collected  from  estuaries, 
backwaters  and  mangroves.  B.  thoracites  and  Dicyathifer  manni  are  also  normally 
confined  to  brackish  water  localities.  T.  clappi,  T.  bartschi,  T.fulleri,  Lyrodus  massa,  B. 
*ochi,Tereiora  princesae  and  Uperotus  rehderi  are  also  destructive  in  certain  coastal  and 
offshore  localities. 


6.    Season  of  settlement 

The  time  of  settlement  is  of  special  interest  apart  from  its  biological  importance  because 
it  is  then  that  the  infestive  free-swimming  larvae  come  into  contact  with  fresh  surfaces 
and  experience  the  effect  of  preservatives  used  on  them.  Precise  knowledge  of  the  times 
of  settlement  of  the  different  species  in  a  locality  is  of  importance  in  connection  with 
such  operations  as  replacements,  dry  docking,  and  repainting  of  wooden  boats,  pile 
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driving  etc.  Biologically,  the  period  and  extent  of  settlement  are  significant  since  they 
are  reflections  of  the  breeding  season  and  a  reliable  measurement  of  the  breeding 
success.  This  is  due  to  the  fact  that  there  is  the  possibility  of  spawning  without 
settlement.  In  certain  instances  detailed  studies  on  the  season  of  settlement  of  timber 
boring  organisms  have  shown  effective  ecological  adjustments,  the  different  species 
occurring  in  an  area  showing  interrelationships  so  that  interspecific  competition  is 
reduced  to  a  minimum  through  characteristic  zonation  in  settlement  (Nair  1959). 
Alternation  of  breeding  periods  prevents  simultaneous  settlement,  the  different  species 
occurring  in  the  area  settling  over  the  limited  amount  of  available  timber  at  different 
times  of  the  year  leading  to  a  succession  in  settlement  (Nair  1965).  The  breeding 
activities  of  closely  allied  species  show  differences  and  even  those  of  the  same  may  vary 
according  to  the  hydrographic  conditions  prevailing  in  the  area  (Nair  1965).  The 
density  of  distribution  of  shipwoms  has  fluctuated  over  long  periods  and  within  the 
same  period  their  attacks  have  differed  considerably  in  various  locations  along  the  same 
stretch  of  coastline  (Becker  1958). 

This  aspect  of  the  biology  of  shipworms  has  been  the  subject  of  study  in  three 
localities  along  the  coasts  of  India.  At  Cochin  Harbour  Nair  (1965)  observed  that  T. 
furcifera  settles  chiefly  during  the  hot,  highly  saline  pre-monsoon  period  February  to 
June,  with  sparce  settlement  during  the  early  part  of  the  monsoon  and  later  part  of  the 
post-monsoon  periods.  The  settlement  of  the  estuarine  species  N.  hedleyi  is  confined  to 
the  low  saline  periods  of  the  monsoon  and  post-monsoon  periods  (August-February) 
with  apparently  no  settlement  during  the  premonsoon.  Thus  the  settlement  of  these 
two  species  alternates  in  Cochin  Harbour.  Nagabhushanam  (1962)  noted  at 
Visakhapatnam  (east  coast  of  India)  the  occurrence  of  T.  furcifera  on  test  panels 
throughout  the  year  with  a  maximum  attack  during  the  summer  months  between 
March  and  June  with  a  peak  in  May  of  1956.  The  difference  noticeable  in  the  nature  of 
settlement  along  the  south-west  coast  and  east  coast  of  India  may  be  explained  on  the 
basis  of  the  prevailing  hydrographic  conditions. 

The  period  of  settlement  of  B.  companellata  common  at  Visakhapatnam  is  from 
August  till  February  and  the  species  is  absent  from  the  panels  during  March  to  July,  the 
maximum  intensity  of  attack  was  noticed  in  November  to  January.  Nagabhushanam 
(1962)  pointed  out  a  direct  relationship  between  the  relative  abundance  of  shipworm 
settlement  and  temperature  and  salinity.  The  comparatively  smaller  attack  rate  by 
Teredo  during  the  winter  months  (November-January)  was  attributed  to  a  biological 
competition  with  B.  companellata  whose  intensity  was  greatest  during  the  winter 
months. 

Confirmatory  studies  of  Saraswathi  and  Nair  (1969)  on  the  settlement  of  N.  hedleyi 
showed  that  it  is  strictly  seasonal  from  July  to  February  with  November  representing 
the  peak  period, 

Based  on  a  detailed  study  of  the  frequency  of  occurrence  of  veliger  larvae  in  the 
plankton,  presence  of  post-settled  stages  on  test  panels  and  the  condition  of  the  gonads 
of  the  adults,  Nair  (1955, 1957)  concluded  that  the  period  July-August  is  the  best  for 
larval  development  and  attachment  of  B.  carinata  at  Madras. 

In  general  it  seems  that  under  tropical  conditions  the  settlement  continues  without 
interruption  in  the  marine  zone  (Nair  1957).  Even  under  such  conditions  the  extent  of 
settlement  varies  from  month  to  month.  In  special  habitats  such  as  estuaries,  the 
influence  of  salinity  may  prevent  the  uninterrupted  breeding  and  settlement  of  some 
species  (Nair  1965).  The  number  of  generations  which  would  be  produced  in  a  single 
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season  varies  with  the  time  required  for  the  species  to  grow  to  maturity  and  with  the 
length  of  the  period  during  which  suitable  conditions  persist.  In  warmer  regions 
development  is  more  rapid  and  many  generations  may  be  produced  each  year.  In 
regions  other  than  the  tropics  temperature  appears  to  be  the  principal  condition 
determining  periods  of  breeding.  Adult  animals  can  frequently  survive  under  extremes 
of  temperature  which  are  unfavourable  for  reproduction.  Consequently  a  species  may 
maintain  itself  where  conditions  are  suitable  for  reproduction  during  only  a  small  part 
of  the  year. 

In  making  generalisations  one  should  not  forget  that  variables  other  than 
temperature  may  be  directly  or  indirectly  influencing  events.  For  example,  especially 
along  the  south-west  coast  of  India,  rainfall  reflects  the  passing  seasons,  causing  great 
reduction  of,  as  well  as  fluctuations  in,  salinity  and  so  creating  conditions  unsuitable  for 
breeding  and  settlement  of  certain  species. 

Events  leading  to  settlement  are  dependent  on  the  interplay  of  a  large  number  of 
factors  including  the  physiological  characteristics  of  the  species  involved,  their 
geographical  distribution,  local  variations  in  the  character  of  temperature  changes  and 
the  seasonal  influence  of  other  and  less  obvious  aspects  of  the  environment  (Nair  and 
Saras  wathy  1971). 


7.    Duration  of  larval  period 

The  average  duration  of  the  free-swimming  stage  of  the  veliger  is  apparently  constant 
for  a  given  species  at  a  given  locality.  Naturally  this  period  is  shorter  in  the  warmer 
waters  of  the  tropical  and  subtropical  regions.  The  duration  of  free-swimming  period  in 
the  non-incubatory  species  vary.  In  B.  carinata  it  is  about  17  days  in  Madras  (Nair 
1956)  and  in  B.  campanellata  about  13  days  in  Visakhapatnam  (Nagabhushanam 
1959).  In  the  tropical  incubatory  species  T.  furcifera  larvae  attack  timber  normally 
between  24-72  hrs  and  they  need  no  food  prior  to  settlement  (Karande  et  al  1968).  The 
source  of  energy  for  the  larvae  has  been  attributed  to  the  stored  glycogen  (Lane  1955). 
Preparatory  to  settlement  they  crawl  over  the  surface  of  the  wood  searching,  probing 
and  prospecting  the  surface  for  a  suitable  spot,  the  period  of  crawling  varying  greatly, 
extending  even  upto  an  hour.  During  this  period  activity  diminishes  till  the  foot  comes 
to  rest  in  a  depression  on  the  surface.  Subsequently  the  shell  is  lifted  while  the  byssus 
attachment  is  made.  The  velum  is  retracted.  At  this  stage  both  the  velum  and  the  foot 
are  both  functional  so  that  the  larvae  can  alternately  swim  and  crawl  a  stage  aptly 
termed  'pediveliger'.  If  a  suitable  substratum  is  not  available  the  free  swimming  larval 
life  could  be  continued  for  several  days,  and  the  pediveliger  has  the  ability  in  certain 
species  to  postpone  metamorphosis  (Nair  1956).  This  ability  is  probably  of  survival 
value  permitting  the  larvae  to  cover  a  wide  area  in  their  search  for  the  appropriate 
substratum.  In  some  species  such  as  Lyrodus  pedicellatus,  larvae  denied  access  to  wood 
lost  their  ability  to  penetrate  it  within  4  days  and  invariably  died  in  2  weeks.  The 
infective  period  for  this  species  was  the  first  96  hrs  after  release  from  the  parent  (Lane 
1959). 

Larvae  are  attracted  to  wood,  at  least  in  the  sense  that,  should  they  chance  to 
encounter  it,  they  remain  upon  it  and  there  metamorphose.  The  wood  must  be  properly 
conditioned  for  penetration  and  this  involves  among  others  saturation  with  water  and 
the  development  of  a  suitable  microflora  and  fauna  (Nair  1965). 
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8.  Growth  rates 

Information  on  growth  rates  is  important  because  growth  rates  are  directly  related  to 
the  damage  done  to  timber.  Each  shipworm  destroys  a  column  of  wood  of  the  same 
dimension  as  its  largest  size.  Comparison  of  growth  rates  of  different  species  of 
shipworms  recorded  from  different  kinds  of  timber  from  different  localities  do  not 
seem  to  have  much  meaning. 

The  growth  rates  of  different  species  occurring  in  widely  separated  places  are  likely  to 
be  different  and  even  in  the  consideration  of  growth  rates  of  the  same  species,  unless  the 
latitude,  substrate  involved  etc.,  are  the  same  the  values  are  likely  to  vary.  Growth  rates 
need  not  be  identical  even  when  latitude,  species  and  substrate  are  all  the  same  during 
the  different  seasons  since  they  are  likely  to  be  influenced  by  the  prevailing 
hydrographic  conditions.  The  same  species  has  different  rates  of  growth  at  different 
localities  of  the  same  estuary  during  the  same  time  depending  on  the  number  of 
individuals  which  have  settled.  In  Bankia  carinata  of  Madras  the  growth  rates  recorded 
by  Nair  (I960)  are  as  follows:-  9  mm  in  17  days,  23  mm  in  32  days,  142  mm  in  68  days, 
224  mm  in  95  days,  257mm  in  125  days,  274mm  in  165  days,  290  mm  in  191  days  and 
302  mm  in  219  days,  representing  an  average  rate  of  boring  of  4-3  cm/month.  Growth 
was  very  rapid  during  the  first  90  days  and  thereafter  slackens  and  the  trend  indicates 
that  growth  becomes  negligible  at  the  end  of  about  220  days.  Retardation  in  growth  has 
been  attributed  to  depletion  of  woody  materials  on  the  panel  as  a  result  of 
overcrowding.  In  B.  campanellata  a  growth  of  nearly  51*5  mm/month  has  been 
recorded  with  a  maximum  of  60  mm  in  December  and  T.furcifera  attains  a  length  of 
90  mm  at  the  end  of  5  months  in  Visakhapatnam  (Nagabhushanam  1959).  Studies  on 
the  estuarine  shipworm  N.  hedleyi  for  six  months  indicated  that  growth  was  rapid 
between  45  and  153  days  after  settlement  with  the  maximum  growth  between  105-120 
days  of  age.  Thereafter  growth  slackened  and  the  trend  indicated  that  growth  was 
negligible  at  the  end  of  150  days  (Saras wathy  and  Nair  1974). 

9.  Dispersal  of  shipworms 

Notwithstanding  the  stationary,  hidden  life  within  the  confines  of  their  wooden 
burrows,  shipworms  are  distributed  far  and  wide  through  their  free  swimming  larval 
stages.  While  some  species  liberate  eggs  into  the  water,  others  brood  the  eggs,  the 
veligers  being  released  when  ready.  During  the  free  swimming  period  which  may  last 
from  a  few  hours  to  even  a  month  depending  on  the  species  and  the  region,  the  larvae 
are  drifted  about  and  widely  transported  in  the  surface  currents. 

Three  types  of  larval  life  could  be  recognised  among  shipworms:  (i)  oviparous; 
(ii)  short-term  larviparous;  (iii)  long-term  larviparous.  The  pattern  of  distribution  of 
many  species  is  based  on  the  temperature  and  salinity  requirements  of  the  larvae  during 
their  plankto-trophic  life.  The  members  of  the  genus  Nausitora,  generally  denizens  of 
brackish  water  habitats,  are  oviparous  and  fertilisation  is  external.  Since  the  larvae  are 
incapable  of  tolerating  high  salinities  (Saraswathy  and  Nair  1974),  those  larvae 
transported  by  the  medium  into  areas  of  high  salinities  would  perish.  This  accounts  for 
their  occurrence  in  isolated  pockets  of  brackish  water.  In  this  case  colonisation  of  new 
areas  could  be  effected  only  by  the  adults  which  are  more  tolerant  to  higher  salinities 
than  their  planktonic  larvae  and  are  transported  through  the  agency  of  drift  wood  etc., 
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to  a  suitable  brackish  water  environment  within  the  life  time  of  the  adult.  The  picture  of 
the  distribution  of  this  genus  seems  to  support  this  contention.  N.  hedleyi  and  N. 
dunlopei  have  so  far  been  reported  only  from  isolated  brackish  water  areas  along  the 
tropical  Indo-West  Pacific,  and  N.  dryas  and  N.  excolpa  along  the  tropical  eastern 
Pacific. 

Species  ofBankia  are  also  oviparous  with  protracted  plankto trophic  larval  stages  but 
their  habitat  is  normally  marine.  In  this  case  the  limiting  factor  in  distribution  is 
apparently  temperature.  Therefore,  species  characteristics  of  higher  latitudes  are 
restricted  in  range  incapable  of  spreading  into  sub-tropical  or  tropical  areas  as  may  be 
seen  in  B.  setacea  of  eastern  and  northern  Pacific,  B.  gouldi  of  northern  and  Western 
Atlantic.  Similarly  the  tropical  species  B.  carinata,  B.  campanellata  and  B.  bipennata, 
though  established  all  round  the  world  are  restricted  by  the  temperature  factor  and 
have  apparently  not  spread  beyond  the  sub-tropical  zone. 

While  discussing  the  dispersal  of  marine  species  with  long  term  larviparous  young 
such  as  the  members  of  the  genus  Lyrodus,  and  T.furcifera,  T.  clappi,  T.  somersi  and  T. 
bartschi,  Turner  (1966)  enumerates  the  reasons  for  their  worldwide  distribution:  (i)  in 
common  with  other  shipworms  the  adults  can  be  transported  to  great  distances  in  ships 
or  floating  wood;  (ii)  the  young  are  protected  within  the  parents  during  the  early  critical 
stages  of  development;  (iii)  the  larvae  are  not  spawned  unless  optimal  conditions  for 
their  survival  exists;  (iv)  being  further  developed,  the  young  are  less  sensitive  when 
extruded;  (v)  the  larvae  are  ready  to  settle  shortly  after  they  are  extruded  and  so  are  not 
carried  away  from  the  floating  log  or  ship  from  which  they  emerged;  and  (vi)  most 
woodenships  and  pieces  of  driftwood  are  covered  with  a  good  growth  of  hydroids, 
bryozoans,  algae  and  other  organisms  which  form  a  protective  forest  cover  within 
which  the  larvae  can  swim  until  time  of  settlement. 

Dispersal  of  shipworms  is  commonly  effected  by  driftwood  or  through  the  agency  of 
wooden  hulls  of  ships,  etc.  Extended  and  intensive  intercourse  between  nations  in  the 
long  years  of  maritime  activity  contributed  to  the  spread  of  this  menace  in  widely 
separated  places,  the  chief  agents  in  transport  being  the  hulls  of  wooden  ships,  wooden 
sea  water  tanks  of  ship  and  log-booms.  Rapid  increase  in  maritime  shipping  in  the  past 
two  centuries  helped  this  transport.  The  European  species  reached  the  American  shores 
during  world  war  I.  Ships  transported  at  least  one  species  to  South  Africa,  China,  Japan 
and  Australia.  It  is  also  true  that  infested  driftwood  carried  by  the  surface  currents 
played  a  major  role  in  their  wide  distribution.  Floating  nuts  and  seeds  drifting  passively 
in  the  surface  currents  distributed  at  least  one  nut  infesting  species  (Uperotus  clavus)  in 
the  region  between  east  coast  of  Africa  and  the  Philippines.  From  the  Philippines  and 
neighbouring  areas  many  species  have  reached  Hawaii  in  drift-wood  and  in  light  ocean 
going  craft  of  wooden  construction.  The  whole  Indo-West  Pacific  area  contains  many 
common  species.  There  is  also  the  possibility  of  the  release  of  larvae  from  infested 
waterlogged  wood  lying  on  the  sea  bottom.  This  picture  of  wide  distribution  can  be 
explained  either  on  the  basis  of  passive  dispersal  of  free  swimming  larvae  and  of  adults 
through  the  prevailing  surface  currents  and  drift-wood  respectively  or  through  the 
active  transport  of  adults  by  ships.  Thus  a  few  species  like  B.  carinata,  B.  campanellata 
and  B  bipennata  have  succeeded  in  establishing  themselves  around  the  world  in  both 
tropical  and  sub-tropical  waters.  It  has  also  been  noted  that  the  larvae  can  be  effectively 
transported  amidst  the  thick  growth  of  fouling  organisms  that  accumulate  over  the 
bottoms  of  the  steel  hulls  of  ships.  Larvae  taken  in  the  feeding  current  in  one  locality  by 
certain  attached  species  on  the  ships  hull  may  pass  through  the  alimentary  canal 
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apparently  undamaged  and  emerge  along  with  the  faecal  pellets  when  the  ship  reaches 
another  locality.  These  observations  reveal  that  several  species  of  shipworms  have  been 
dispersed  and  others  may  be  expected  to  be  so,  over  wide  areas  of  the  oceans.  Certain 
species  such  as  T.  princesae  can  spend  the  life  cycle  from  larva  to  adult  in  the  open  sea 
supported  by  some  suitable  floatsam  without  making  contact  with  stationary  structures 
in  coastal  waters.  The  larvae  of  these  'seasoned  ocean  travellers'  can  endure  long 
enough  to  contact  drifting  timber  and  continue  a  chain  of  seafaring  generations.  While 
specimens  from  drift  logs  and  wooden  hulls  may  serve  as  a  record  of  the  locality  they 
may  not  represent  established  fauna.  Conditions  must  be  sufficiently  suitable  for 
spawning,  for  the  survival  of  the  larvae  and  successful  penetration  of  the  wood  before  a 
species  can  become  an  established  member  of  any  local  fauna  (Turner  1966). 


10.    Ecological  factors 

There  are  several  environmental  factors  which  affect  the  natural  populations  of 
shipworms.  These  are  the  physico-chemical  variables  of  the  seawater,  such  as 
temperature,  salinity,  oxygen  tension,  turbidity  and  pollutants,  the  presence  and 
intensity  of  fouling  organisms,  the  nature  of  the  wood,  depending  on  the  species  of 
timber,  its  softness  and  orientation  of  the  grain;  the  length  of  exposure  of  the  wood 
sample  in  water;  the  presence  or  absence  or  the  nature  of  preservatives  used  on  it;  the 
location  of  the  wood  in  relation  to  tidal  changes,  whether  or  not  it  is  periodically 
exposed  to  desiccation;  the  orientation  of  the  sample  in  relation  to  depth;  nature  of  the 
bottom;  mechanical  effects  of  currents,  their  velocity;  conditions  of  illumination;  the 
interaction  of  the  species  of  woodboring  animals  present  in  the  area;  the  availability  of 
a  suitable  substrate  during  settlement;  the  effectiveness  of  local  larval  sources  in  the  case 
of  shipworms  and  the  presence  or  absence  of  predators  and  parasites.  The  occurrence, 
abundance,  and  so  the  intensity  of  attack  in  any  locality  is  dependent  on  these  factors 
which  vary  widely  from  year  to  year.  Probably  there  are  several  more,  but  these  factors 
are  the  most  important.  Variations  in  the  borer  populations  from  year  to  year  in  any 
locality  are  not  doubt  due  to  a  very  involved  association  of  these  factors,  some  of  which 
occasionally  stand  out  as  the  most  responsible  ones  while  other  factors,  none  attaining 
conspicuous  importance  by  itself,  may  collectively  exert  as  much  or  more  influence  than 
more  prominent  and  easily  followed  factors.  It  is  by  a  constant  shifting  of  importance  of 
these  factors  and  new  alignments  in  their  association  owing  to  ever  varying  conditions 
that  accounts  for  variations  in  local  abundance  of  shipworms.  This  would  explain 
periodically  recurring  devastations  separated  by  often  lengthy  intervals  of  comparative 
freedom  from  attack.  Reasons  for  increased  attacks  have  not  all  been  investigated  but 
they  may  be  different  in  different  localities  such  as  lowered  salinity  caused  by  inflow  of 
fresh  water  or  reduced  rainfall  causing  an  increase  in  salinity,  high  temperature  and  dry 
summers  or  an  unusual  increase  in  water  temperature. 

Temperature  is  a  major  influence  on  the  activities  and  distribution  of  shipworms  and 
is  a  limiting  factor  in  growth,  reproduction  and  distribution.  There  is  a  complex 
correlation  between  the  biological  effects  of  temperature  and  salinity,  the  former  can 
modify  the  effects  of  the  latter  and  change  the  salinity  range  of  an  organism.  Depending 
on  the  temperature  tolerance  some  species  are  characteristically  restricted  to  the  cold 
waters  of  higher  latitudes,  others  are  typically  inhabitants  of  sub-tropical  areas  while  a 
majority  are  denizens  of  the  tropical  regions  illustrating  the  general  rule  that  tropical 
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biotopes  are  typically  rich  in  species.  Thus  along  the  coasts  of  Norway  3  species  of 
shipworms  occur  (Nair  1959),  5  species  in  the  Mediterranean,  7  species  in  Hawaii  and 
Midway  islands,  16  species  in  the  Philippine  Islands  and  as  many  as  34  species  in  India. 
Uniformly  high  tropical  temperatures  hasten  metabolic  activities  and  accelerate  growth 
rates,  leading  to  attainment  of  sexual  maturity  at  a  surprisingly  early  age.  Some  species 
breed  almost  continuously  and  several  generations  are  produced  in  rapid  succession 
within  a  single  year.  Such  speeding  up  of  life  histories  favour  the  acceleration  of  the 
evolutionary  process.  This  probably  accounts  for  the  richness  in  the  represented  species 
in  the  tropics. 

The  uniformly  high  temperature  of  the  tropics  can  stimulate  sexual  activity, 
accelerate  development  of  the  gonad,  hasten  maturity  and  shorten  the  free-swimming 
larval  period.  These  contribute  towards  the  production  of  several  spawnings  in  a  single 
year  leading  to  an  almost  continuous  settlement  of  waves  of  borers  which  bring  about 
speedy  destruction  of  timber.  Similarly  the  period  of  free-swimming  of  larvae  and 
growth  rates  may  also  be  influenced  by  temperature. 


11.    Salinity 

Salinity  effects  the  organism  by  influencing  the  density  of  the  medium  and  through 
variations  in  osmotic  pressure.  In  tropical  estuaries  the  wet  season  with  low  salinity  is  in 
summer.  Though  lowered  salinities  may  be  tolerated  at  summer  temperatures,  where 
this  drops  suddenly  and  then  continues  at  a  low  level  for  a  long  period,  stenohaline 
species  are  likely  to  be  killed. 

The  reaction  of  shipworms  to  different  salinities  varies  widely.  Some  species  can 
tolerate  only  high  salinities  others  can  tolerate  a  fairly  wide  range  of  salinities  while  a 
few  are  capable  of  enduring  very  low  salinities  and  even  freshwater.  Further  the  salinity 
tolerance  of  the  same  species  may  vary  according  to  the  geographic  location  depending 
on  the  prevailing  temperature  and  may  even  vary  in  the  same  locality  during  the 
different  seasons  of  the  year.  This  is  due  to  the  existence  of  a  complex  correlation 
between  the  biological  effects  of  temperature  and  salinity,  the  former  having  the  ability 
to  modify  the  effects  of  the  latter  and  change  the  salinity  range  of  an  organism  (Kinne 
1963). 

According  to  Nagabhushanam  (1962)  B.  campanellata  in  Visakhapatnam  occurs  in 
areas  where  the  salinity  is  between  21  and  34%0-  The  magnitude  of  strike  decreased 
with  decreasing  salinity.  The  genus  Nausitora  is  generally  confined  to  brackish  water 
although  some  species  have  occasionally  been  taken  from  marine  habitats 
(Nagabhushanam  1960;  Nair  1954).  In  N.  hedleyi  a  majority  of  the  adults  are  typically 
euryhaline  capable  of  enduring  a  wide  range  of  salinities  (O65-33*68%o)  but  the 
breeding  is  apparently  restricted  to  the  low  saline  period. 

The  first  record  of  this  genus  was  by  Wright  (1864)  who  obtained  specimens  of  N. 
dunlopei  from  freshwater  (?)  150  miles  above  the  mouth  of  the  Ganges. 
Rajagppalaiengar  (1961)  reported  N.  lanceolata  (=  N.  dunlopei)  from  Sajnakhali,  24 
Parganas  District  of  W.  Bengal,  AT.  hedleyi  occurs  in  the  low  saline  waters  of  the  Pulicat 
lake  on  the  east  coast  (Nair  1963).  Records  show  that  this  genus  is  sensitive  to  higher 
salinities  and  so  restricted  to  estuarine  areas.  N.  hedleyi  can  apparently  withstand  wider 
changes  of  salinity  than  other  species  of  the  genus  and  is  capable  of  tolerating  much 
lower  salinities  than  typical  marine  species.  Great  damage  can  be  expected  from  species 
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of  this  genus  in  the  low  saline  localities  of  river  mouths  etc.  where  species  sensitive  to 
low  salinities  cannot  survive.  Thus  the  genus  Nausitora  effectively  occupies  an 
ecological  niche  and  so  extends  the  zone  of  operation  of  ship  worms  to  river  mouths  and 
even  farther  upstream.  The  construction  of  dams  and  barrages  for  hydroelectric  power 
and  for  irrigation  across  the  rivers  and  the  consequent  check  on  the  river  flow  may  lead 
to  greater  spread  of  the  tidal  water  upstream  and  this  can  result  in  the  extension  of 
shipworm  activity.  Observations  at  Cochin  on  N'.  hedleyi  suggest  that  for  the  early 
development  of  the  species  the  most  suitable  salinity  range  is  from  11.24-14.54%0 
(Saraswathy  and  Nair  1974a).  Above  and  below  this,  segmentation  is  abnormal  and  the 
percentage  of  normal  embryos  decline.  In  salinities  lower  than  4-36  and  above  27-14°/00 
there  is  no  evidence  of  development  (see  Nair  and  Saraswathy  1971).  Most  species  of 
shipworms  require  normal  marine  conditions  for  successful  spawning  but  the  adults 
may  withstand  unfavourable  conditions  by  closing  the  burrow  with  the  pallets.  They 
are  also  able  to  utilise  the  stored  glycogen  under  anaerobic  conditions. 


12.    Occurrence  in  freshwater 

Shipworms  are  not  limited  to  the  sea  and  brackish  water.  Nausitora  dunlopei  has  been 
reported  in  timbers  in  the  river  Comer,  a  tributory  of  the  Ganges,  150  miles  above  the 
mouth  where  the  water  is  fresh  (Wright  1 864).  Shipworm  activity  has  also  been  reported 
in  almost  freshwater  up  the  Mississippi,  in  the  Panama  canal,  Chulalongkorn  Lock  in 
Thailand,  in  the  Sacramento  river  California  etc. 


13.    The  primary  film 

Contrary  to  the  finding  of  Nagabhushanam  (1959a),  Karande  et  al  (1968)  noted  that  the 
settlement  ofT.furcifera  in  Bombay  harbour  was  independent  of  both  light  intensity 
and  the  presence  of  a  primary  film  comprised  of  bacteria,  algae  or  fungi  since  larvae 
settled  and  grew  even  on  sterlized  'clean'  timber  blocks,  the  latter  being  maintained  in 
sterilized  seawater  for  a  number  of  days.  According  to  Karande  et  al  (1968)  it  is  the 
softening  effect  of  sea  water,  rather  than  the  microfilm  that  helps  borer  larvae  to  abrade 
the  wood. 

Wood  infesting  bacteria  and  fungi  especially  in  the  Ascomycetus  and  in  the 
Deuteromycetus  (Fungi  imperfecti)  participate  in  a  sort  of 'conditioning'  of  the  timber 
preparing  it  for  the  subsequent  attack  by  borers.  This  is  a  biological  phenomenon  the 
importance  of  which  has  only  recently  been  stressed  (Kohlmeyer  1963).  The  activity  of 
these  fungi  leads  to  wood  deterioration  called  'soft  rot'.  These  are  resistant  to 
preservatives  and  release  a  strong  cellulase  which  hydrolyses  the  unlignified  cell 
elements  leading  to  the  softening  and  disintegration  of  the  outer  tissues  of  timber.  Even 
though  the  damage  is  not  spectacular  and  may  not  even  be  noticed  by  the  laymen,  their 
steady  activity  following  submergence  prepares  timber  for  attack  by  crustacean  and 
molluscan  borers.  These  in  turn  help  the  fungi  to  spread  from  superficial  layers  to  the 
very  core  of  the  timber.  Fungal  infestation  on  light  timbers  of  catamarans,  dug-out 
canoes  and  other  fishing  crafts,  according  to  Becker  and  Kohlmeyer  (1958)  is  not  of  the 
usual  superficial  type,  the  penetration  being  deep,  affecting  the  entire  log.  The  periodic 
drying  of  these  logs  accelerates  the  spread  of  the  fungal  hyphae  which  get  effective 
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ventilation  through  the  large  vessels  of  these  light  timbers.  Our  'studies  at  Cochin 
Harbour  have  revealed  the  existence  of  several  species  of  marine  fungi  in  the  timber  test 
panels  such  as  Gnomonia  longirostria  Cribb  &  Cribb.  Halosphaeria  quadncornuata 
Cribb  &  Cribb,  Torpedospira  radiata  Meyers,  Corollospora  pulchelia  Kohm,  Schmidt 
and  Nair,  and  Lulworthia  sp  (Nair  1968).  The  exact  role  played  by  these  fungi  in  the 
ecology  of  shipworms  is  under  investigation. 


14.    Rate  of  water  flow 

The  rate  of  water  flowing  over  them  is  of  considerable  significance  in  the  distribution  of 
sessile  marine  invertebrates.  The  effects  of  water  currents  upon  the  rate  of  settling  of 
Teredo  furdfera  and  B.  campanellata  on  timber  have  been  studied  by  Nagabhushanam 
(1961).  He  found  that  these  borers  "require  some  water  current  velocity  for  settling  on 
timber  and  that  they  settle  more  rapidly,  when  the  waters  are  flowing  than  when  waters 
are  still".  Probably  a  flow  is  beneficial  in  carrying  larger  number  of  larvae  to  the  test  site. 


15.    Turbidity 

Turbidity  is  an  important  factor  especially  for  the  inhabitants  of  shallow  coastal  waters 
and  of  estuarine  regions  where  turbid  conditions  are  often  created  by  heavy  rains  and 
consequent  river  discharge,  wind  action,  dredging  operations,  boat  and  ship  traffic,  etc. 
In  the  tropical  regions  during  the  time  of  the  monsoon  highly  turbid  conditions  may 
exist  for  weeks  or  even  months.  Presence  of  silt  affects  organisms  by  providing  food  and 
influences  the  transparency  of  the  water  affecting  the  rate  of  organic  production.  The 
apparent  immunity  from  borer  attack  of  the  base  of  the  piles  of  Kidderpore  Docks  in 
Calcutta  has  been  attributed  to  the  silty  and  muddy  bottom  (Devenish-Meares  1904). 
Nair  (1962)  has  reported  that  both  crustacean  and  molluscan  borers  are  much  less 
active  where  the  bottom  sediment  is  being  continually  churned  up  by  propellers. 


16.    Pollution 

The  habitat  of  shipworms,  especially  those  in  estuaries,  harbours  and  similar  situations 
are  subject  to  the  effects  of  pollution  either  through  industrial  wastes  or  by  human 
sewage.  The  pollutants  may  consist  of  solid  matter  or  soluble  chemicals  of  a  toxic 
nature  the  presence  of  which  can  affect  the  organisms  directly  or  they  may  influence  the 
water,  for  instance  its  oxygen  content.  Some  effluents  may  be  beneficial  in  small 
quantities.  Waters  with  heavy  sewage  pollution  or  which  are  influenced  by  H2S  as  in 
some  of  the  backwaters  of  Kerala  are  comparatively  free  from  shipworms.  That 
pollution  of  harbour  waters  is  unfavourable  for  shipworm  activity  is  evident  from  the 
observations  of  Nair  (1962)  who  found  that  the  activity  of  mat-forming  fouling 
organisms  over  timber  structures  in  areas  with  sewage  pollution  is  beneficial  since  these 
organisms  form  a  protective  cover  against  the  settlement  and  penetration  of  borers. 


220  N  Balakrishnan  Nair 

17.  Effects  of  fouling 

Dense  fouling  accumulations  over  underwater  surfaces  can  effectively  inhibit  the  attack 
by  both  crustacean  and  molluscan  borers.  Of  the  different  groups  of  fouling  organisms, 
the  barnacles  are  perhaps  the  most  effective  agents  hindering  attachment  of  shipworm 
larvae  although  other  mat-forming  organisms  may  also  serve  as  protection  (Nair  1962). 
Nagabhushanam  (1960a)  found  that  fouling  has  a  profound  effect  on  the  attack  of 
marine  borers,  fouled  blocks  showing  only  about  one-ninth  as  much  attack  as  did 
weekly  cleaned  panels. 

18.  Parasites  and  associates 

The  role  of  molluscs  as  hosts  of  zoo-parasites  has  been  well-known  for  over  two 
centuries  yet  no  detailed  study  has  been  made  of  the  parasites  and  associates  of  wood 
boring  organisms.  Several  organisms  are  associated  with  shipworms  in  their  natural 
habitat  but  so  far  no  cause  and  effect  relationship  has  been  established.  There  is  always 
the  possibility  that  certain  parasites  and  predators  may  be  utilised  as  effective  agents 
of  biological  control.  Our  recent  studies  have  brought  to  light  an  interesting  fauna 
of  protozoan  associates  from  shipworms  (Nair  1968).  So  far  we  have  collected 
species  belonging  to  Boveridae,  Urceolaridae,  Thigmophryidae,  Spirostomidae, 
Licnophoridae,  Hysterocinetidae,  Stentoridae  and  also  Zoothamnium,  Lagenophrys 
and  Trochilioides.  Detailed  taxonomical  and  ecological  studies  on  these  protozoans  are 
in  progress.  Association  between  hydroids  of  the  genus  Eugymnanthea  and  bivalves  has 
been  reported  from  time  to  time.  The  first  record  of  this  interesting  association  between 
a  hydroid  recognizable  as  belonging  to  Eugymnanthea  and  shipworms  has  been  by 
Santhakumari  and  Nair  (1969)  who  reported  its  occurrence  in  N.  hedleyi  a.ndT.furcifera 
from  Cochin  backwaters.  This  hydroid,  however,  differs  from  all  other  species  of 
Eugymnanthea  in  the  nature  of  the  polyps  which  are  not  solitary  but  branched.  The 
incidence  of  the  hydroid  is  seasonal  in  this  locality  during  November-May  with  nearly 
100%  infestation  in  shipworms  collected  during  December  to  March.  The  number  of 
colonies  present  in  a  host  ranged  from  1  to  80  and  the  hydroid  was  found  exclusively 
attached  to  the  ctenidia.  Attachment  is  by  a  basal  disc  which  is  firmly  implanted  within 
the  tissue  of  the  ctenidium  and  is  further  strengthened  with  the  aid  of  protrusions  or 
'holdfasts'  that  project  from  the  basal  disc — a  feature  very  different  from  that  in  species 
of  Eugymnanthea  previously  studied.  There  is  no  evidence  of  fatal  damage  to  the  host 
tissue.  The  more  intimate  nature  of  the  association  and  the  tendency  towards  colony 
formation  are  interesting  features.  Studies  of  Santhakumari  (1970)  on  the  medusa  of 
this  form  led  her  to  assign  this  to  Eutima  commensalis.  Turbellarians  (Polyclada), 
predaceous  polychaetes,  commensalic  copepods  and  amphipods  have  also  been 
recorded  from  the  burrows  of  shipworms. 

With  their  characteristic  boring  habits  and  a  boundless  appetite  for  wood,  the 
shipworms  attack  vegetable  matter  of  every  description  both  living  and  dead.  The 
record  of  their  ravages  reveal  a  long  list  of  objects  from  the  sea,  brackish  waters  and  also 
from  freshwaters.  Roonwal  (1954)  reports  from  the  24  parganas  forest  division  in  the 
Sunderbans  in  West  Bengal,  that  the  shipworm  Bactronophorus  thoracites  attacks 
several  species  of  both  living  and  dead  trees  in  the  mangrove  swamps.  A  recent  survey 
(Nair  and  Dharmaraj  1980)  in  the  mangrove  forests  connecting  the  Vellar  and 


Marine  timber  destroying  organisms  221 

Coleroon  estuaries  and  the  adjacent  coastal  zones  revealed  the  existence  of  several 
species  of  woodboring  animals  (eight  species  of  teredinids,  two  of  pholadids  and  two  of 
sphaeromatids),  including  B.  thoracites  and  the  estuarine  species  N.  hedleyi.  Extensive 
damage  has  been  recently  reported  (Dharmaraj  and  Nair  1980)  from  the  aquafarms 
along  the  coasts  of  India. 

The  attack  especially  of  shipworms  is  not  confined  to  objects  like  wooden  hulls  of 
boats,  barges  and  docks,  but  also  to  such  objects  as  buoys  and  floats  which  they 
indiscriminately  attack.  Shipworms  also  attack  floating  objects  like  cork,  corky  seeds 
and  coconuts,  jute  or  gutta-percha  covers  of  submarine  cables,  ropes,  plywood  and 
lobster  traps.  All  fixed  objects  of  plant  origin  too  are  unsparingly  attacked  such  as 
pillars  of  piers,  wharves,  stakes,  poles  etc.,  wooden  water  tanks  in  ships  as  well  as  oyster 
culture  equipment  causing  huge  financial  loss. 

Since  the  beginning  of  mans  maritime  activity,  he  has  been  trying  every  known 
mechanical,  chemical,  electrical  and  biological  means  to  deter,  discourage  or  destroy 
these  pests.  The  fishermen  of  Bengal  practice  a  method  of  suspending  the  boat  infested 
by  shipworms  across  two  poles  and  lighting  a  fire  beneath  to  destroy  them.  The 
charring  of  the  bottom  hinders  further  attack  for  a  period  (Wright  1864).  This  method 
is  based  on  the  fact  that  desiccation  is  fatal  for  these  soft  bodied  creatures  and  is 
practised  with  suitable  modifications  in  various  countries.  Impregnation  with  hydro- 
carbons and  charring  them,  desiccating  the  infested  timber,  exposure  to  freshwater, 
introduction  of  poisons  into  the  ambient  water,  fixing  hard  particles  or  completely 
sheathing  the  exposed  surfaces,  exploding  dynamite,  electrolytic  protection,  electro- 
cution, chlorinating  the  water  etc.,  are  some  of  the  methods  used  against  borers  other 
than  chemical  preservatives  on  timber.  In  aquafarms  chemical  preservatives  should  be 
tried  with  caution.  Purushotham  and  Rao  (1971)  tentatively  classified  ascu,  creosant 
and  creosote-coal  tar  as  good  preservatives,  creosote-fuel  oil,  pure  creosote  and  copper 
resinate  as  moderate  preservatives  and  pentachlorophenol  as  poor  preservative  in  their 
trials  of  the  various  preservatives.  Perhaps  the  most  economical  and  effective  method 
for  checking  the  ravages  of  shipworms  may  be  the  least  tried,  namely  biological  control 
using  the  predators  and  parasites. 

Despite  man's  ceaseless  fight  against  shipworms  with  all  available  resources  and 
techniques,  their  relentless  destruction  continues  and  a  thorough  reorientation  in  our 
techniques  of  warfare  has  become  imperative.  The  discovery  of  an  effective  panacea 
depends  on  a  better  understanding  of  the  ecology  of  these  specialised  bivalves. 
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Observations  on  the  social  behaviour  of  free  ranging  groups  of  tame 
Asiatic  elephant  (Elephas  maximus  Linn) 
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*Kerala  Forest  Research  Institute,  Peechi,  Trichur  680653,  India 

Abstract.  This  study  is  based  on  645  hr  of  observations  on  the  social  behaviour  of  tame 
elephants  maintained  at  three  wildlife  sanctuaries  of  Bandipur,  Mudumalai  and  Anaimalai  in 
South  India.  These  elephants  are  wild  captured  adults,  and  their  calves  born  in  captivity.  The 
observations  were  carried  out  when  the  elephants  are  left  free  for  grazing  in  their  natural 
habitat,  where  they  often  intermingle  with  wild  herds.  The  adult  females  always  stay  together 
when  there  are  calves  present:  while  the  adult  males  graze  by  themselves.  The  calves  position 
themselves  between  adult  females  and  juveniles  closer  to  their  mother.  All  females  rush 
together  when  a  calf  sounds  alarm.  The  adult  females  stand  guard  over  calves  lying  down  for 
rest  thereby  accepting  considerable  reduction  in  the  amount  of  time  devoted  to  feeding.  The 
'allomothers'  suckle  other  calves  when  they  have  no  calf  of  their  own,  sometimes  as  much  as  the 
mother  herself.  The  acts  of  social  communication  are  largely  initiated  by  the  calf  touching  the 
breast  or  body  of  an  adult  female  with  its  nostril.  There  is  much  variation  in  the  extent  of 
communication  and  suckling  from  one  allomother  to  another  with  a  mother  definitely 
preferring  her  own  calf. 

Keywords.    Elephas  maximus;  social  behaviour;  allomaternal  care;  captive  groups. 


1.     Introduction 

The  elephant  is  a  creature  of  great  fascination  for  the  student  of  social  behaviour.  It 
represents  a  culmination  of  adaptations  to  feed  on  coarse  plant  material  and  achieve  an 
adult  size  sufficient  to  withstand  all  predation  (Eisenberg  1981).  The  wide  range  of  plant 
material  that  constitutes  its  food  is  widely  dispersed  in  space  and  time  so  that  sociality  is 
expected  to  confer  no  advantage  in  terms  of  feeding  efficiency.  The  elephant  calf, 
however,  still  remains  susceptible  to  predation  by  large  carnivores  like  the  tiger 
(Williams  1956).  The  raison-de-etre  of  the  elephant  society  is  then  the  protection  of  the 
calves.  The  elephants  are  non-territorial  and  adult  males  wander  from  one  group  to 
another.  Hence,  males  will  not  be  associated  with  calves  they  have  themselves  sired  with 
any  degree  of  certainty.  This  is  in  distinct  contrast  to  the  adult  females  who  will  be 
associated  with  near  absolute  certainty  with  their  own  calves.  Since  the  extent  of 
parental  care  exhibited  is  expected  to  be  proportional  to  the  degree  of  relatedness 
between  the  adult  and  the  calf,  we  expect  elephant  females,  but  not  males  to  care  for  the 
calves  (Trivers  1972).  The  elephant  herd  is  therefore  a  group  of  related  females  banded 
together  for  the  protection  and  nurture  of  the  calves.  It  is  a  social  group  notable  for  its 
high  degree  of  allomaternal  care  (Douglas-Hamilton  1972;  Wilson  1975). 

Douglas-Hamilton  (1972)  provided  us  with  an  excellent  description  of  the  social 
behaviour  in  the  African  species,  Loxodonta  africana  based  on  observations  of  wild 
herds  in  the  Lake  Manyara  National  Park.  The  Asiatic  elephant  seems  to  closely 
parallel  its  African  cousin  in  its  behaviour  patterns,  although  the  available  information 
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on  the  social  behaviour  of  the  wild  herds  Is  largely  anecdotal  or  fragmentary  (Krishnan 
1975;  McKay  1973;  Stracey  1963;  Williams  1956).  The  Asiatic  elephant  has  however 
been  domesticated  for  millenia,  and  we  have  much  more  detailed  information  on  its 
behaviour  (Eisenberg  et  al  1971;  Kuhme  1963:  Toke  Gale  1974).  While  routinely 
domesticated  after  capture  from  the  wild,  the  Asiatic  elephant  is  rarely  bred  in  captivity. 
These  tamed  elephants  are  often  maintained  in  their  native  forest  habitat,  where  they 
are  left  free  for  grazing  with  heavy  chains  to  reduce  the  speed  of  movement.  Under  these 
circumstances  they  often  intermingle  with  wild  herds.  These  free  ranging  captive 
elephants  are  thus  likely  to  retain  much  of  their  natural  behaviour  and  therefore 
provide  excellent  material  to  the  student  of  behaviour.  We  present  here  results  of  one 
such  study  in  three  wild  life  sanctuaries  of  South  India  carried  out  between  1975  and 
1980  (Nair  1983). 


2*    Materials  and  methods 

The  subjects  of  this  study  were  37  tame  elephants  maintained  at  three  elephant  camps  in 
the  wild  life  sanctuaries  of  Bandipur,  Mudumali  and  Anaimalai  in  the  states  of 
Karnataka  and  Tamilnadu  in  South  India  (figure  1).  These  included  17  adult  females, 
and  2  adult  males,  of  which  only  1  adult  female  was  born  to  a  captive  female  and  had 
never  been  in  the  wild.  The  rest  had  all  been  captured  from  the  wild  at  ages  estimated  to 
range  from  4  to  40  yr.  The  subjects  also  included  9  calves  below  the  age  of  15  months  (7 
females  and  2  males),  and  9  juveniles  (6  females  and  3  males)  between  the  ages  of  1.5  to 
6  yr.  All  these  calves  and  juveniles  were  born  to  captive  females  as  a  result  of  matings 
with  wild  males.  The  calves  were  still  being  nursed  by  their  mothers,  while  the  juveniles 
had  all  been  forcibly  weaned. 

The  observations  were  conducted  for  23  months  between  February  1975  and  March 
1976  and  January  1978  and  August  1979.  The  total  amount  of  time  spent  in  the  field, 
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Figure  1.  Location  of  the  three  study  sites  of  Bandipur  Tiger  Reserve,  Mudumalai  Wildlife 
Sanctuary  and  Anaimalai  Wildlife  Sanctuary  in  South  India.  Natural  elephant  habitat  is 
indicated  by  hatched  lines. 
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recording  behavioural  details  spanned  644-5  hr.  An  additional  several  hundred  hours 
were  devoted  to  preliminary  and  incidental,  qualitative  observations.  The  observations 
were  made  when  the  elephants  were  not  engaged  in  timber  or  riding  work,  but  were 
either  being  bathed  or  were  left  on  their  own  in  the  forest  for  grazing.  As  mentioned 
above,  under  these  circumstances  they  were  in  their  natural  habitat  and  were  largely 
unrestrained,  except  that  they  could  not  move  very  fast.  The  groups  so  observed 
included  as  few  as  2  to  as  many  as  1 1  animals  at  a  time. 

While  the  elephants  were  thus  observed  In  their  natural  setting,  the  social  groups  in 
which  they  found  themselves  were  artificially  constituted  out  of  adults  captured  at 
different  times  and  at  different  ages  and  brought  together,  and  of  offspring  born  to 
them.  The  assumption  underlying  the  interpretations  advanced  below  is  that  in  these 
artificially  constituted  groups  they  behaved  towards  other  animals  as  they  would  have 
behaved  towards  members  of  their  own  social  group  under  natural  conditions.  This  is  a 
reasonable  assumption  to  make  as  is  suggested  by  studies  on  diverse  animals  ranging 
from  the  rodent  Peromyseus  to  human  groups  in  Israeli  Kibbutzims  (Wilson  1975). 


3.  and  discussion 

3.1     Defence  of  the  calves 

The  spatial  configuration  of  the  group  of  tame  elephants  as  they  graze  brings  out  the 
fact  that  the  glue  that  holds  the  elephant  social  group  together  is  the  protective 
behaviour  of  females  towards  the  calves.  In  wild,  males  do  not  have  any  degree  of 
certainty  as  to  the  calves  they  have  sired  and  hence  are  unlikely  to  display  any  paternal 
care.  It  is  therefore  expected  that  tame  adult  males  will  also  show  no  care  towards 
calves.  This  was  indeed  found  to  be  the  case,  and  the  tame  adult  males  positively 
repelled  any  advances  by  calves  towards  them.  When  left  free  for  grazing  the  tame  males 
tended  to  graze  entirely  on  their  own  away  from  the  other  elephants,  male  or  female. 
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Figure  2.  Cumulative  frequency  distribution  of  the  distance  between  the  calf  and  its  mother 
as  well  as  other  adult  females  or  allomothers.  a.  calf  less  than  three  months  of  age,  b.  calf 
between  nine  to  twelve  months  of  age.  •-calf  and  mother,  i-calf  and  allomother  1,  A-calf  and 
allomother  2,  +  -calf  and  allomother  3,  o-calf  and  the  adult  female  closest  to  it. 
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Contrary  to  this,  all  the  tame  females  and  calves  from  a  camp  tended  to  stick  together 
when  left  free  for  grazing.  The  younger  calves  tended  to  remain  very  close  to  their 
mothers,  so  that  a  calf  less  than  3  months  of  age  was  within  2  m  of  mother,  80%  of  the 
time.  The  few  occasions  on  which  it  drifted  a  little  further  was  when  it  went  close  to 
another  adult  female.  The  distance  maintained  gradually  increased  with  age,  so  that  by 
12  months  of  age  the  calf  was  within  2  m  of  the  mother  only  50  %  of  the  time  (figure  2). 

Not  only  did  the  calf  remain  close  to  the  mother  and  other  members  of  the  group,  but 
it  tended  to  position  itself  towards  the  centre  of  the  group.  Figure  3  represents  the 
average  position  of  the  adult  females,  calves  and  juveniles  for  three  social  groups 
observed  by  us  over  a  considerable  length  of  time.  We  further  carried  out  specific 
experiments  with  an  elephant  mother,  her  calf  and  another  adult  female.  The  two  adult 
females  were  ridden  by  mahouts  while  the  calf  was  walking  freely.  It  was  found  that  the 
calf  always  stationed  itself  between  the  mother  and  the  other  female,  closer  to  the 
former.  This  tendency  is  also  evident  in  the  track  of  a  12-month  old  calf  and  two  other 
adult  females  grazing  freely  on  their  own  (figure  4).  The  calf  was  obviously  close  to 
either  the  mother  or  one  of  the  adult  females,  with  a  clear  tendency  to  position  itself 
towards  the  centre  of  the  group. 

The  calves  rest  from  time  to  time,  sometimes  for  as  much  as  40-50  min.  When  they 
do  so,  one  or  all  of  the  adult  females  stop  moving,  and  stand  around  the  calves.  One  of 
the  females,  generally  the  mother,  remains  very  close,  within  a  distance  of  about  1  m  of 
the  calf.  This  female  also  tends  to  position  herself  in  such  a  fashion  that  the  calf  is 
shaded  by  her. 

If  a  calf  accidentally  drifts  more  than  10-15  m  from  the  adult  females,  or  is  alarmed 
by  some  movement  or  sound,  it  gives  a  squealing  alarm  call.  The  adult  females 
immediately  respond  to  this  by  rushing  towards  the  calf  and  surrounding  it.  This  once 
led  to  a  dramatic  incident  at  Bandipur.  A  mother  and  her  calf  were  being  bathed  at  a 
pond,  while  two  other  adult  females  were  tied  about  250  m  away  being  readied  for 
riding.  The  calf  on  being  teased  by  the  mahout's  son  gave  its  squealing  alarm  call.  On 
hearing  this  the  two  adult  females  snapped  their  chains  and  rushed  blindly  towards  the 
calf. 

Since  the  adult  females  have  this  strong  tendency  of  staying  with  the  calf,  taking  the 
calf  away  from  them  for  training  at  the  age  of  12  to  15  months  is  a  very  traumatic 
experience  for  them.  The  females  are  either  firmly  chained  to  a  tree  or  pillar,  oi  forcibly 
led  away  by  tame  males  at  the  time  of  such  separation.  They  try  hard  to  get  back  to  the 
calf  as  it  is  led  away,  and  in  this  process  one  mother  actually  broke  her  leg  by  beating 
against  the  tree  and  died  afterwards  at  Bandipur.  The  calf  is  also  very  much  disturbed 
and  continues  to  struggle  for  several  hours  after  separation. 

The  fact  that  the  calf  is  the  cause  of  keeping  the  adult  females  together  was 
dramatically  shown  when  the  only  calf  from  a  group  of  3  adult  females  was  thus 
separated  at  Bandipur.  The  calf  was  taken  to  a  training  camp  some  40  km  away.  When 
the  females  were  left  free  for  grazing  the  next  day,  they  did  not  all  stay  within  a  few  tens 
of  meters  of  each  other  as  before,  but  drifted  apart  completely. 

3.2     Activity  time  budgets 

A  total  of  78  hr  was  spent  recording  the  activities  of  all  animals  at  1  min  interval  when 
they  were  left  free  for  grazing.  Elephants  spend  most  of  their  waking  hours  in  feeding, 
and  this  study  of  activity  time  budgets  showed  that  the  adult  females  accept  a 
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Figure  3.  Average  position  of  the  calf/calves,  mother,  other  adult  females  or  allomothers  and 
juveniles  in  three  different  kinds  of  social  groupings,  a.  calf  (Q),  mother  (Mj)  and  two 
allomothers  (A!  and  A2),  b.  calf  (CJ,  mother  (MJ  and  three  juveniles  (Jlt  J2,  J3),  c.  three  calves 
with  their  mothers  (Q-M^  C2-M2  and  C3-M3). 
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20 
Distance  in  meters 

Figure  4.    Track  of  movement  of  a  mother  (Mj),  her  calf  (Q)  and  two  other  adult  females  or 
allomothers  (Aj  and  A2)  over  a  6  hr  period. 

considerable  reduction  in  the  amount  of  time  devoted  to  feeding  when  they  remain 
stationary  in  the  presence  of  calves  lying  down  to  sleep.  As  figure  5  shows,  the 
proportion  of  time  that  the  adult  females  devote  to  feeding  significantly  increases  as  the 
calf  grows  up  and  spends  less  and  less  of  its  time  in  lying  down  and  sleeping. 


3.3    Social  communication 

Elephants  have  relatively  poor  vision,  and  do  not  seem  to  base  much  of  their  social 
communication  on  visual  signals.  We  also  have  little  information  on  the  extent  to  which 
they  depend  on  pheromones.  They  do  use  vocal  signals,  especially  to  communicate 
alarm  and  aggression.  Tactile  communication  however  seems  to  be  a  dominant  mode  of 
communication,  especially  where  the  calves  are  involved.  Figure  6  shows  that  such 
communication  is  largely  initiated  by  a  calf  towards  its  mother  or  another  adult  female. 
It  overwhelmingly  involves  the  nostril  of  the  calf  touching  either  the  breast  and  other 
parts  of  the  body  of  the  females.  There  are  relatively  very  few  tactile  contacts  amongst 
the  adults  themselves.  This  tactile  communication  undoubtedly  serves  to  ensure  that 
the  calf  remains  close  to  the  adult  females.  If  the  calf  strays  a  substantial  distance  away, 
it  gives  an  alarm  call  which  brings  the  adult  females  rushing  to  its  side.  Figure  6  also 
shows  that  the  calf  may  not  contact  aril  the  non-mother  adult  females  equally,  but  may 
show  very  distinct  preferences. 
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Figure  5.    Percentage  of  time  spent  in  different  activities  in  a  group  of  a  calf  (Q),  its  mother 
(MJ,  and  two  other  adult  females  or  allomothers  (Aj  and  A2). 
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3.4  Suckling 

Our  studies  show  that  elephants  suckle  at  one  of  the  highest  recorded  rates.  The 
duration  of  suckling  by  the  mother  reduces  from  2-1  min  as  the  calf  grows  from  birth  to 
one  year  of  age;  while  the  frequency  remains  unchanged  at  about  once  every  30  min. 
Suckling  is  initiated  by  the  calf,  and  unlike  in  other  mammals  is  not  an  occasion  of 
intense  grooming.  Most  notably,  tame  elephant  calves  regularly  suckled  other  adult 
females  who  had  earlier  given  birth  to  calves  which  had  been  weaned  away,  sometimes 
several  years  earlier.  Such  suckling  by  "allomothers"  ranged  from  a  few  seconds 
occasionally,  to  regular  suckling  of  duration  and  frequency  similar  to  that  of  the 
mother.  Mothers  with  suckling  calves  however  never  permitted  other  calves  or  juveniles 
to  suckle  them. 

3.5  Social  conflicts 

The  elephants  thus  exhibit  a  number  of  behaviour  patterns  in  which  an  adult  female 
accepts  a  measure  of  sacrifice  for  the  benefit  of  the  calf.  These  are  thus  altruistic 
behaviour  patterns  in  terms  of  kin  selection  theory  (Hamilton  1964;  Wilson  1975).  Such 
altruistic  behaviour  will  however  be  favoured  only  so  long  as: 

Cost  to  donor  <  Benefit  to  recipient  x  degree  of  relatedness  between  donor  and 
recipient. 

We  therefore  expect  that  there  would  be  definite  limitations  to  such  altruistic 
behaviour,  and  that  conflicts  may  arise  from  time  to  time.  We  observed  three  kinds  of 
conflicts  of  this  type.  The  adult  females  had  to  stop  feeding  when  they  stood  guard  over 
sleeping  calves,  often  for  as  long  as  40  to  50  min.  When  this  stretched  on,  some  of  the 
females  other  than  the  mother  would  begin  to  move  away.  Under  these  circumstances, 
or  even  otherwise,  the  mother  woke  the  calf  up  with  a  mild  kick  and  resumed  feeding 
and  walking. 

When  a  female  has  her  own  calf,  she  is  generally  expected  to  give  it  preferred 
treatment  over  other  calves  as  these  will  have  a  lower  degree  of  relatedness.  This  was 
clear  in  two  contexts.  An  adult  female  often  suckled  another  calf  till  her  calf  was  born, 
but  then  ceased  to  do  so  immediately  on  the  birth  of  her  own  calf.  Females  with  their 
own  calf  exclusively  nursed  these.  The  calves  and  juveniles  often  bully  each  other  while 
in  play.  When  a  calf  thus  bullied  gives  an  alarm  call,  its  mother  invariably  rushes  to  it 
and  may  kick  or  push  the  other  calf  away. 

3.6  Social  preferences 

There  were  marked  differences  in  the  extent  of  altruistic  behaviour  exhibited  by  the 
adult  females  in  the  groups  observed  by  us.  Specific  pairs  of  adult  females  had  a 
tendency  to  remain  closer  to  each  other.  Further  if  there  was  more  than  one  calf  in  a 
group,  a  non-mother  adult  female  often  stayed  closer  to  and  suckled  one  of  the  calves 
significantly  more  often  than  the  other.  Similarly,  if  there  was  more  than  one  non- 
mother  adult  female,  a  calf  often  contacted  one  of  them  more  often  than  the  other 
(figure  6).  It  is  possible  that  in  a  natural  elephant  herd,  such  preferences  may  be  related 
to  the  degree  of  relatedness,  and  Douglas-Hamilton  (1972)  suggested  that  this  may 
eventually  lead  to  herds  splitting  along  kinship  lines.  One  may  also  consider  the 
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possibility  that  these  preferences  may  be  related  not  just  to  degree  of  relatedness,  but  tc 
ties  of  reciprocity  established  amongst  different  individuals  (Trivers  1971;  Packei 
1979). 


4.     Conclusions 

We  expect  captive  animals  to  exhibit  behaviour  patterns  appropriate  to  the  natura 
circumstances  closest  to  the  artificial  regime  they  find  themselves  in.  The  elephants  w< 
observed  were  thus  expected  to  react  to  members  of  their  group  as  if  they  were  othei 
members  of  a  natural  herd.  The  observations  recorded  above  clearly  fulfill  these 
expectations,  with  adult  males  exhibiting  indifference  and  adult  females  considerabl* 
investment  in  protection  and  nurture  of  the  calves.  It  is  notable,  however,  that  there  an 
definite  limits  to  the  extent  of  such  altruistic  behaviour  by  the  females,  and  that  the] 
always  tend  to  discriminate  in  favour  of  their  own  calves. 
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Mother  mouse  sets  the  Orcadian  clock  of  pups 

N  VISWANATHAN  and  M  K  CHANDRASHEKARAN 

Unit  of  Neurobiology  and  Mechanisms  of  Behaviour,  Madurai  Kamaraj  University,  Madurai 
625021,  India 

Abstract.  We  report  here  the  ontogeny  of  a  circadian  clock  of  the  field  mouse  Mus  booduga 
expressing  itself  16  days  after  parturition  in  the  locomotory  activity  of  neonate  pups  removed 
from  the  motherand  held  in  continuous  darkness  ever  since  birth.  Locomotion  is  a  'complex' 
activity  serving  such  functions  as  foraging,  exploration,  and  territoriality.  Since  these  functions 
are  not  conventionally  associated  with  neonate  and  altricial  animals,  it  is  of  interest  that  this 
ability  has  such  an  early  circadian  origin.  A  backward  extrapolation  of  the  pups  rhythm  and 
the  rhythm  of  the  mother  strongly  implicate  maternal  synchronization.  The  period  of  the 
circadian  rhythm  of  the  pups  shortens  with  age,  from  birth  up  to  six  months. 

Keywords.  Ontogeny;  circadian  clock;  Mus  booduga;  neonate  pups;  rhythm;  maternal 
synchronization. 

1.  Introduction 

Circadian  clocks  are  now  known  to  be  innate,  heritable  and  genetic  in  origin  (Sunning 
1977).  Experiments  with  fruitflies  (Pittendrigh  1954),  lizards  (Hoffmann  1957),  chicken 
(Aschoff  and  Meyer-Lohmann  1954),  mice  (Aschoff  1960),  rats  (Browman  1952)  and 
humans  (Martin  du  pan  1974;  Miles  et  al  1977)  raised  under  continuous  light  (LL)  or 
continuous  darkness  (DD)  showed  that  animals  need  not  experience  light/darkness  (LD) 
cycles  during  development  in  order  to  possess  circadian  rhythms. 

Except  for  the  first  (fertilization:  Everett  1961)  and  final  (birth;  Smolensky  et  al 
1972)  events  of  prenatal  life  the  circadian  clock  appears  to  have  no  input  to 
developmental  timing  in  vertebrates.  Even  these  circadian  inputs  should  be  credited  to 
the  circadian  organizational  account  of  the  parent  organisms.  Primary  circadian 
rhythmicity  is  predominantly  a  postnatal  phenomenon  (Davis  1981).  Yet  the  study  of 
the  ontogeny  of  circadian  rhythms  in  higher  vertebrates  is  very  important  even  if 
difficult.  Much  recent  work  with  mice  and  rats  confirms  that  rudiments  of  a  circadian 
organization  are  already  detectable  in  the  fetal  embryonic  stage  (Barr  1973;  Fuchs  and 
Moore  1980;  Reppert  and  Schwartz  1983).  The  circadian  organization  specifically 
referred  to  serotonin  acetylcoenzyme  A  N-acetyltransferase  (Deguchi  1975),  plasmacor- 
ticosterone  (Levin  et  al  1976;  Takahashi  et  al  1982)  and  suckling  and  feeding  rhythms 
(Levin  and  Stern  1975).  The  functions  assayed  and  documented  above  are  very  basic 
and  intimately  bound  to  life  in  the  uterus  and  similar  rhythms  in  the  mother.  In  this 
paper  we  report  the  ontogeny  of  a  circadian  clock  expressing  itself  in  a  complex 
function  such  as  locomotory  activity  in  the  pups  of  the  mouse  Mus  booduga  and  trace  a 
maternal  setting  of  this  clock. 

2.  Materials  and  methods 

Pregnant  females  of  the  field  mouse  Mus  booduga  were  captured  from  fields 
surrounding  the  Madurai  Kamaraj  University  Campus.  The  mother  mouse  was  in 
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Figure  1.  Recordings  obtained  with  activity  running  wheel  and  an  Esterline  Angus  event 
recorder  for  the  locomotor  activity  in  DD  of  A.  mother  and  B.C.  two  pups  of  the  field  mouse 
Mus  booduga.  Actograms,  constructed  by  pasting  24  hr  strips  of  activity/rest  data  chronologi- 
cally one  below  the  other,  are  duplicated  (triplicated  in  IB)  for  easy  visual  estimation  of 
onset/end  of  activity  and  other  trends.  Day  1  of  the  records  is  identical  with  day  16  of  the 
animals  after  parturition.  Activity  monitoring  was  performed  for  80  days  (1A)  in  the  mother 
mouse  and  for  128  and  124  days  for  the  pups  in  IB  and  1C  respectively.  No  activity  monitoring 
was  undertaken  on  days  indicated  by  the  gaps  in  the  actograms  for  figures  IB,  C. 

continuous  darkness  (DD)  for  4  days  before  littering  and  for  another  80  days  after  the 
act  of  parturition.  The  pups  are  altriciaTwith  closed  eyes  and  cling  to  the  mother  until 
they  are  12-14  days  old.  They  first  open  their  eyes  on  12th  day  after  parturition.  We 
could  transfer  the  pups  to  delicately  poised  activity  running  wheels  (used  otherwise  for 
recording  the  running  activity  of  cockroaches)  on  day  16.  The  mother  mouse  and  pups 
were  fed  with  millets  and  grains  and  had  access  to  water  ad  libitum  in  DD.  Dim  red  light 
(>  610  nm)  of  10  //W cm~2  sec" 1  was  used  for  cleaning  the  cages/wheels,  transfer  of 
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animals  etc.  Red  light  of  this  wavelength  is  'safe'  up  to  an  intensity  level  of 
1 50 //W cm"2 sec"1  in  this  animal  (Viswanathan  unpublished  observations).  The 
activity  (running)  rhythm  of  the  mother  was  also  measured  using  a  sturdier  running 
wheel.  An  eccentrically  placed  magnet  of  the  wheel  temporarily  made  and  broke 
contacts  in  an  electrical  circuit  with  every  turn  of  the  wheel.  The  revolutions  were 
picked  up  by  channels  of  an  A62OX  Esterline  Angus  event  recorder.  Actograms  were 
constructed  and  double/triple  plotted  in  a  manner  which  is  now  routine  in  chro- 
nobiological  research. 


3.    Results 

Figure  1A  illustrates  the  locomotory  activity  pattern  of  the  mother  mouse  starting  16 
days  after  parturition  for  80  days  in  constant  darkness  (DD).  The  rhythm  is  in  a  state  of 
freerun  and  displays  a  period  length  of  2347  hr.  The  onset  of  activity  day  after  day  is 
precise  and  the  level  and  amount  of  activity  are  consistent  and  high.  Figures  IB,  C 
illustrate  the  locomotory  activity  patterns  of  2  pups  each  16  days  old,  born  and 
maintained  in  DD.  They  were  never  exposed  to  any  white  light  after  their  birth.  Yet  the 
rhythm  in  the  locomotory  activity  is  unmistakably  present  even  on  the  first  day  of  the 
experiment  and  persisted  over  the  entire  4  month  period  of  the  activity  recording.  The 
rhythms  freerun  in  the  pups  but  the  period  length  varies  between  the  two;  figure  IB 
showing  a  period  of  23-42  hr  and  figure  1C  a  period  of  23-76  hr.  The  onset  of  activity 
was  used  in  computing  the  period  length  since  it  was  much  more  stable  than  the 
midpoint  of  activity  or  the  end  of  activity  (Kenagy  1980;  Chandrashekaran  et  al  1983). 
By  a  process  of  backward  extrapolation  of  the  slopes  of  the  locomotor  activity  rhythms 
of  the  two  pups  to  the  slope  of  the  rhythm  of  the  mother  it  becomes  evident  that  all  3 
clocks,  that  of  the  mother  and  those  of  the  two  pups,  would  have  been  in  the  same  phase 
sometime  about  parturition.  Since  the  pups  had  not  been  exposed  to  LD  cycles  at  any 
time,  and  yet  possess  circadian  rhythms,  it  must  be  presumed  that  they  not  only 
inherited  them  from  the  mother  but  also  had  it  set  (entrained)  for  them  by  her. 
Entrainment  (prior  to  freerun)  must  have  ensued  in  utero  (Reppert  and  Schwartz  1983). 
Figure  2  presents  details  of  the  changes  undergone  by  the  period  length  of  circadian 
rhythm  of  pups  as  a  function  of  age  until  they  are  180  and  160  days  old.  The  period 
length  of  the  circadian  rhythm  of  the  pups  decreases  i.e.  becomes  shorter  with  age  which 
is  evident  in  both  the  cases. 


4.    Discussion 

A  circadian  rhythmicity  in  the  organization  of  activity/rest  patterns  in  higher 
vertebrates  and  man  seems  to  be  a  postnatal  event.  Human  infants  develop  a  sleep 
wakefulness  rhythm  with  a  circadian  pattern  only  3-4  months  of  their  birth  (Kleitman 
and  Engelmann  1953).  Furthermore  it  may  be  that  circadian  rhythms  in  most  cases 
were  not  assayable  in  new-born  animals  because  the  functions  being  measured  had  not 
'matured'  (Davis  1981).  The  circadian  systems  might  already  be  there  before  the 
circadian  rhythm  becomes  overt.  Deguchi  (1975)  pioneered  an  ingenious  approach  to 
assaying  circadian  organization  in  the  foetus  or  in  neonate  rats.  Deguchi  monitored  the 
circadian  rhythm  in  serotonin  N-acetyltransferase  after  it  became  overt  and  assayable 
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Figure  2.  Changes  of  freerunning  period  (T)  of  the  locomotor  activity  rhythm  with  time  in 
DD  of  two  pups  which  had  not  seen  any  light  since  birth.  The  animals  were  16  days  old  at  the 
start  of  this  experiment.  The  data  points  are  for  10-day  time  slots  for  180  and  160  days  for  pups 
IB  (•)  and  1C  (o)  respectively.  Linear  regression  lines  are  drawn  showing  significant  decrease 
of  T  with  increase  of  age.  7  =  23-670  -0-002X;  r  =  0-95;  P  <  0*001  in  one  pup  (•)  and  Y 
=  23-888  -  0-001  X\  r  =  0-62;  ?  <  0-05  in  the  other  (o). 

and  used  its  phase  to  infer  the  state  of  the  oscillator  at  the  earlier  developmental  stages. 
Using  the  methodology  of  Deguchi  (1975),  Davis  (1981)  found  no  wheel-running 
rhythm  in  rats  up  to  1 1-1 5  days  after  which  a  circadian  rhythm  materialized.  The  onset 
of  the  activity  of  the  pups  occurred  at  the  approximate  time  expected  if  they  had  been 
entrained  to  the  mother.  This  is  precisely  what  one  obtains  in  the  circadian  rhythms  of 
the  pups  of  Mus  booduga  being  described  in  this  paper.  For  reasons  of  methodology  we 
could  not  make  altricial  pups  with  eyes  closed  until  the  12th  day  and  entirely  dependent 
on  the  mother,  to  run  activity  wheels.  On  day  16  when  the  pups  could  be  separated,  they 
were  placed  in  activity  running  wheels  in  which  they  displayed  a  circadian  clock  timing 
of  their  activity.  The  backward  tracing  and  extrapolation  of  phases  of  the  pups  and 
mother's  activity  rhythms  strongly  suggest  maternal  synchronization.  For  the  rats 
studied  by  Deguchi  (1975),  Davis  (1981)  and  our  mouse,  the  entrainable  principle 
precedes  the  overt  circadian  rhythms. 

Reppert  and  Schwartz  (1983)  found  that  an  entrainable  circadian  clock  is  present  in 
the  suprachiasmatic  nuclei  even  during  fetal  development  and  that  the  maternal 
circadian  system  coordinates  the  phase  of  the  clock.  This  finding  lends  further  credence 
to  our  interpretation  that  the  basic  circadian  oscillation  underlying  the  locomotor 
activity  rhythm  of  Mus  booduga  may  have  been  present  even  in  the  fetus. 

Further  critical  and  detailed  investigations  alone  can  clarify  how  strong  a  zeitgeber 
the  mother  can  be  in  entraining  the  rhythms  of  her  progeny.  It  is  interesting,  however, 
that  even  foster  mother  rats  seem  to  entrain  the  adrenocortical  circadian  rhythm  in 
blinded  pups.  When  blinded  pups  were  raised  by  blinded  mothers  whose  rhythm  was 
out  of  phase  with  the  LD-cycles,  the  rhythm  of  the  pup  was  in  phase  with  that  of  the 
mother's  rhythm.  Clearly  the  influence  of  the  foster  mother  overrode  the  influence  of 
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the  lighting  cycle  (Takahashi  et  al  1982).  In  this  report  we  are  dealing  with  the 
appearance  and  expression  of  circadian  rhythms  in  gross  locomotor  (wheel  running) 
activity  of  the  mouse  Mus  booduga.  To  this  extent  we  are  obviously  dealing  with  the 
'accomplishment  of  the  organization  of  the  circadian  rhythm'.  Locomotor  activity  is  a 
highly  integrated  and  complex  activity  serving  functions  as  diverse  as  foraging, 
exploration,  territoriality  etc.  These  are  functions  that  are  not  behaviourally  associated 
with  new-born  altricial  animals.  It  is  in  this  context  that  the  presence  of  this  circadian 
ability  at  birth,  is  of  interest.  Another  point  is  that  most  other  fetal  and  prenatal 
rhythms  reported  have  been  measured  in  utero  and  hence  may  be  rhythms  simply 
imposed  by  the  internal  rhythmic  environment  of  the  mother  (Barr  1973;  Reppert  and 
Schwartz  1983). 

The  period  length  of  the  infant  Mus  booduga  clearly  shortens  with  age  (figure  2).  The 
data  points  are  for  10-day  time  slots  for  nearly  6  months.  Fittendrigh  and  Daan  (1974) 
have  shown  a  similar  shortening  of  the  period  of  rhythm  (T)  in  mice  and  hamsters  from 
puberty  through  maturity  to  old  age.  Davis  and  Menaker  (1981)  reported  the  opposite 
effect — T  lengthening  with  age  for  Mus  musculus.  It  may  not  be  prudent  at  this  stage  to 
link  age  with  T,  interesting  though  the  implications  could  be.  The  subject  of  the  effect  of 
age  on  the  pacemaker  clearly  calls  for  more  research. 
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Thrips-ftingiis  association  with  special  reference  to  the  sporophagous 
Bactrothrips  idolomorphus  (Karoy).  (Tubulifera:  Thysanoptera) 

T  N  ANANTHAKRISHNAN  and  K  DHILEEPAN 
Entomology  Research  Institute,  Loyola  College,  Madras  600  034,  India 

Abstract.  Aspects  of  feeding  and  fungal  spore  preference  in  terms  of  the  percentage  of  gut- 
spore  composition,  and  the  relative  preference  of  sporophagous  Tubulifera  to  Coelomycetes, 
Ascomycetes,  Hyphomycetes  are  highlighted.  A  positive  correlation  between  the  width  of  the 
maxillary  stylets  and  the  fungal  spore  size  indicates  the  relationship  between  the  two  in  the 
choice  of  the  spore  type  for  feeding.  The  incidence  of  reproductive  polymorphism  among  the 
majority  of  large  spore  feeding  thrips  and  their  absence  in  hyaline  spore  feeders,  the  role  of 
abiotic  factors  such  as  temperature  and  relative  humidity  in  determining  the  type  of 
reproduction  and  their  influence  on  the  post-embryonic  development  in  Bactrothrips 
idolomorphus  are  discussed.  Numerical  variation  in  the  pre-vitellogenic,  vitellogenic  and 
developing  oocytes  during  oviparity,  ovoviviparity  and  viviparity  is  also  discussed. 

Keywords.  Fungal  spore  selectivity;  fungal  associates;  reproductive  polymorphism;  maxil- 
lary stylets;  Bactrothrips  idolomorphus. 


1.    Introduction 

Life  cycles  of  mycophagous  thrips  species  are  intimately  linked  with  the  availability  as 
well  as  utilization  of  fungal  food  resources.  Different  fungal  food  resources  occurring  in 
the  same  ecological  niche  have  diverse  influence  on  the  life  cycles  of  the  sporophagous 
thrips  species  (Ananthakrishnan  et  al  1983a).  Ecological  succession  of  both  mycophag- 
ous thrips  species  as  well  as  their  fungal  food  resources  appear  equally  important  and  in 
many  cases  there  appears  to  be  a  synchronisation  of  fungal  growth  and  appearance  of 
thrips  species.  While  the  role  of  biotic  factors  such  as  fungal  food  resources  appears 
obligatory  in  the  build-up  of  mycophagous  thrips  populations,  the  role  of  abiotic 
factors  involving  temperature  and  relative  humidity  in  indirectly  promoting  the 
availability  of  host  plants  and  their  inhabiting  fungal  resources,  also  appear  equally 
important.  The  tendency  to  aggregate  also  considerably  influences  the  incidence  of 
reproductive  polymorphism,  so  that  the  biology  of  mycophagous  thrips  appears 
intimately  interwoven  with  some  of  the  above  factors.  Ananthakrishnan  et  al  (1983b) 
for  the  first  time  attempted  to  study  the  impact  of  several  environmental  factors  such  as 
adverse  climate,  fungal  food  availability  and  aggregation  behaviour  in  determining  the 
type  of  reproduction.  The  results  presented  aim  at  an  analysis  of  the  feeding  and 
breeding  behaviour  in  terms  of  the  availability  of  the  fungal  resources  of  some 
mycophagous  thrips  with  special  reference  to  Bactrothrips  idolomorphus  (Karny). 


2.    Materials  and  methods 

Adults,  larvae,  pupae  and  unhatched  eggs  of  B.  idolomorphus  were  collected  from  dried 
fungi  infested  leaves  ofShorea  robusta  Gaertn.  F.  from  Sirumalai  hills  (1600-1700  MSL), 
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reared  in  plastic  vials  (34  x  4-5  cm)  and  trays  (30  x  45  cm)  with  wet  soil  (to  facilitate  the 
fungal  growth)  and  provided  with  fungi-infested  leaves  for  feeding.  One  set  of  cultures 
were  kept  at  25°C,  80  %  RH  and  another  set  at  30°C,  90  %  RH  in  a  BOD  incubator.  Other 
sporophagous  thrips  viz  Priesneriana  kabandha  (Anan.),  Loyolaia  indica  (Ramk.)  etc., 
were  cultured  as  indicated  by  Ananthakrishnan  et  al  (1983b).  Both  the  fungal  spores 
obtained  from  the  thrips  gut  as  well  as  from  the  scraping  of  the  host  material  were 
cultured  in  (i)  potato-dextrose-agar  medium,  (ii)  oat  meal  agar  medium  and  (iii) 
Czapek's  medium.  The  cultured  fungi  were  mounted  in  lactophenol  and  stained  with 
cotton  blue  (Ananthakrishnan  et  al  1983a;  Ananthakrishnan  William  James  1983). 
Ovarian  studies  were  made  as  indicated  by  Ananthakrishnan  et  al  (1983b). 


3.    Observations 

3.1     Fungal  spore  selectivity  and  fungal  resource  exploitation 

Contrary  to  most  of  the  mycetophagous  thrips  species  with  narrow  (0-85-1 -7  //) 
maxillary  stylets,  in  B.  idolomorphus  the  maxillary  stylets  are  comparatively  broad 
enclosing  a  wider  groove,  the  width  of  which  primarily  determines  the  size  and  nature 
of  the  fungal  spore  they  feed  on.  The  width  of  the  maxillary  groove  in  B.  idolomorphus 
ranges  from  1 3-1 3*5  \i  enabling  the  thrips  to  feed  on  the  large  spores,  including  both 
mature  and  immature  spores  of  Lasiodiplodia  theobromae  (Pat.)  Griff  and  Maubl. 
(=  Botryodiplodia  theobromae)  (12-13^),  unidentified  ascospores  (6-1-9  /4  as  well  as  on 
the  spores  of  Pestalotia  (6-5-8-2  /i).  They  were  never  observed  to  feed  on  the  smaller 
spores  of  Penicillium  sp,  Aspergillus  niger,  A.flavus,  Mucor  sp  and  other  hyphomycetes 
(0-5-1  *7/x),  which  occurred  in  the  same  niche.  The  width  of  the  maxillary  groove 
indicated  general  similarity  in  all  larval  and  adult  stages  and  hence  both  larvae  as  well  as 
adult  thrips  exhibited  a  similar  fungal  feeding  tendency  and  preferred  the  larger  spores 
like  L.  theobromae,  Pestalotia  sp.  and  unidentified  ascospores. 

B.  idolomorphus,  in  so  far  as  has  been  noticed  both  in  the  field  as  well  as  in  the 
laboratory,  exhibited  a  diversity  in  fungal  food  utilisation,  but  showed  a  restricted  or 
narrow  niche  diversity.  B.  idolomorphus  occurs  as  dense  aggregates  of  22-67  individuals 
per  dried  leaf  and  the  time  taken  to  completely  exploit  the  fungal  resource  of  a  single 
leaf  ranges  from  1-3  days,  depending  upon  the  number  of  individuals  in  a  colony.  The 
adult  also  exhibits  movements  of  colony  as  a  whole  from  one  branch  to  another  of 
fungus  infested  leaves,  and  the  time  lapse  involved  in  completely  utilising  the  fungal 
food  of  a  branch  ranges  from  7-10  days.  B.  idolomorphus  is  highly  specific  to  the  large 
and  darker  spores  in  the  absence  of  which,  they  never  attempted  feeding  on  the  other 
spores  infesting  the  same  niche.  Similar  cases  of  specificity  towards  spores  as  well  as  to 
specific  niches  have  been  observed  in  Tiarothrips  subramanii  (Ramk.)  and  Elaphrothrips 
denticollis  (Baghall)  inhabiting  the  fungi  infested  leaves  of  Borassus  flabellifer  and 
Areca  catechu  respectively,  the  former  being  specific  to  the  large  and  darker  spores  like 
species  of  Anthostomella,  Pestalotia  algeriensis  and  Melanographium  cirri,  and  the  latter 
to  Pestalotia  sp.  B.  idolomorphus  did  not  feed  on  the  spores  of  P.  algeriensis  infesting  the 
B.  flabellifer  spores  of  L.  theobromae  infesting  Mangifera  indica,  indicating  their 
selectivity  towards  species  specific  fungus  as  well  as  their  niche  specificity. 
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3.2  Fungal  associates  and  gut  spore  composition 

B.  idolomorphus,  a  large  spore-feeding  thrips  has  been  observed  to  feed  on  the  spores  of 
Coelomycetes  and  Ascomycetes  infesting  the  drying  leaves  of  Shorea  robusta.  Gut- 
spore  analysis  of  both  adults  as  well  as  larvae  in  the  field  revealed  the  presence  of  spores 
of  Pestalotia  sp.  (Coelomycetes),  mature  and  immature  spores  of  L.  theobromae 
( =  Botryodiplodia  theobromae)  (Coelomycetes)  and  ascospores  of  an  unidentified 
Ascomycetes  (figure  1).  Gut  spore  analysis  revealed  that  they  mainly  fed  on  the  spores 
of  Pestalotia  sp.  (4744  %)  and  unidentified  ascospores  (48*85  %).  Both  adults  and  larvae 
preferred  to  feed  more  on  mature  spores  of  L.  theobromae  (3*3  %)  than  on  immature 
spores  (0-39  %).  Undigested  spores  were  located  in  the  I  zone  of  the  mid  gut,  whereas  in 
the  II  zone  of  the  mid  gut,  more  of  the  spores  were  either  in  a  partially  digested 
condition  or  in  the  process  of  digestion. 

Of  the  total  of  five  species  of  sporophagous  thrips  so  far  studied,  viz  Dinothrips 
sumatrensis  (Bagnall),  E.  denticollis,  Loyolaia  indica  (Anan.),  Priesneriana  kabandha 
(Ramk.)  and  T.  subramanii  fed  on  the  17  species  of  fungal  spores,  which  includes  5 
species  of  Ascomycetes  (29  %),  9  species  of  Coelomycetes-  (63  %)  and  only  3  species  (8  %) 
of  Hyphomycetes.  Sporophagous  thrips  species  showed  preference  in  the  order 
Coelomycetes,  Ascomycetes  and  Hyphomycetes. 

3.3  Reproductive  polymorphism 

Reproductive  polymorphism,  essentially  involving  diverse  modes  of  reproduction  viz 
oviparity,  partial  and  complete  ovoviviparity  and  viviparity,  is  a  significant  adaptation 
exhibited  by  the  sporophagous  idolothripines,  to  overcome  the  rigours  of  the 
environment  (Ananthakrishnan  et  al  1983b;  Viswanathan  and  Ananthakrishnan  1973). 
This  diversity  is  well  represented  in  majority  of  the  large  spore  feeding  thrips  like  B. 
idolomorphus,  E.  denticollis,  E.  procer  (Schmutz)  and  T.  subramanii.  However  such  a 
reproductive  polymorphism  is  not  evident  among  hyaline  spore  feeders  and  my- 
cetophagous  thrips  species.  Factors  such  as  environmental  conditions,  fungal  food 
availability  and  aggregation  behaviour  either  independently  or  in  combination  appear 
to  trigger  reproductive  polymorphism.  Field  observations  revealed  the  occurrence  of 
both  oviparity  and  ovoviviparity  in  B.  idolomorphus,  whereas  under  laboratory 
conditions,  all  the  three  types  of  reproduction  were  noticed.  Under  a  normal  field 
temperature  of  28°C  and  92%  RH  the  oviparous  females  laid  27  eggs  and  the 
preoviposition  period  was  three  days.  When  reared  at  25°C  and  90  %  RH,  reproduction 
was  by  oviparity  and  the  preoviposition  period  was  three  days.  The  incubation  period 
ranged  from  8-9  days,  and  36  eggs  were  laid  at  the  rate  of  4-5  eggs/day.  When  reared  at 
30°C  and  80%  RH  they  reproduced  both  by  ovoviviparity  and  viviparity.  The 
incubation  period  ranged  from  1-2  days  when  reproduction  was  ovoviviparous,  each 
ovoviviparous  individual  laying  2-12  eggs  in  a  scattered  manner,  with  a  mean  of  1-2 
eggs  per  day,  whereas  10-17  larvae  emerged  in  viviparous  forms  with  a  mean  of  2-3 
larvae  per  day.  Variations  were  evident  in  pre-oviposition  period  in  the  oviparous  and 
ovoviviparous  individuals  and  pre-larviposition  period  in  viviparous  individuals, 
ranging  from  9-15  days  in  viviparous  forms,  a  comparatively  shorter  pre-oviposition 
period  ranging  from  5-7  days  in  ovoviviparous  individuals  and  a  very  short  pre- 
oviposition period  of  about  3  days  in  oviparous  forms.  The  incubation  period  was 
indirectly  proportional  to  the  pre-oviposition  period/pre-larviposition  period;  being 
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Figure  1 .  A.  Adults,  Pupae,  and  Larvae  of  Bactrothrips  idolomorphus  in  fungi  infested  leaf  of 
Shorea  robusta;  B  &  £.  Adults  of  B.  idolomorphus  with  the  egg  mass;  C.  Orientation  in  second 
larvae  of  B.  idolomorphus;  D.  Scanning  Electron  Micrograph  of  Sensilla  on  the  maxillary  palp 
of  B.  idolomorphus  (for  spore  recognition);  F.  Gut  spores  of  B.  idolomorphus  showing 
Lasiodiplodia  theobromae,  Pestalotia  sp.  and  an  unidentified  ascomycetes. 
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longest  among  oviparous  forms  (9  days),  comparatively  shorter  (1-2  days)  among 
ovoviviparous  individuals,  while  in  viviparous  individuals,  larvae  emerged  as  such. 

Eggs  were  laid  in  vertical  clusters,  each  cluster  with  27-154  eggs.  However  under 
laboratory  conditions,  the  ovoviviparous  individuals  laid  eggs  in  a  scattered  manner, 
each  group  having  1-2  eggs.  Under  laboratory  conditions  no  egg  mortality  was 
observed.  The  fecundity  also  greatly  varied  with  the  type  of  reproduction,  being  highest 
(36  eggs/female)  in  oviparous  forms  and  comparatively  low  among  ovoviviparous 
individuals  (2-12  eggs/female)  and  viviparous  individuals  (10-17  larvae/female).  Like 
many  other  sporophagous  Idolothripinae  studied,  B.  idolomorphus  also  exhibited  a 
greater  tendency  for  egg  guarding,  where  both  male  and  female  sit  over  the  egg  cluster 
or  in  the  vicinity  of  the  egg  cluster.  However  no  defensive  behaviour  was  noticed.  When 
a  female  guarding  an  egg  mass  was  separated  and  introduced  in  the  vicinity  of  another 
egg  mass,  they  did  not  take  over  the  function  of  guarding  the  eggs.  A  similar  tendency 
was  also  exhibited  by  other  large  spore  feeding  thrips. 

In  addition  to  normal  variation  in  the  pre-oviposition/pre-larviposition  period, 
incubation  period  and  fecundity,  considerable  variation  in  the  number  of  oocytes 
accumulated  with  yolk  (vitellogenic  oocytes)  and  the  number  of  developing  oocytes  in 
the  lateral  oviduct  was  also  observed.  However  the  number  of  oocytes  (6-16)  in  the 
developing  stages  of  the  ovarioles  (pre-vitellogenic  oocytes)  did  not  show  any 
significant  change.  But  the  number  of  eggs  laden  with  yolk  material  (vitellogenic 
oocytes)  were  numerous  (4-5)  among  oviparous  forms  and  the  number  of  oocytes 
undergoing  subsequent  development  in  the  lateral  oviduct  was  numerous  among 
viviparous  forms  (5-12)  than  the  ovoviviparous  ones  (9). 

The  duration  of  development  of  the  immature  stages  also  appeared  to  be  greatly 
influenced  by  temperature  and  RH,  a  longer  time  being  taken  to  complete  development 
at  lower  temperature  of  25°C.  When  reared  at  25°C  and  90  %  RH  the  incubation  period 
of  the  eggs,  first  larval,  second  larval,  pre-pupal,  first  pupal  and  second  pupal  duration 
ranged  from  7-9,  2-5,  3-7, 1-2,  1-2,  and  2-3  days  respectively.  The  total  duration  of 
development  ranged  from  16-28  days.  When  reared  at  30°C  and  80  %  RH  the  incubation 
period  was  1-2  days  in  ovoviviparous  forms,  first  larval  duration  2-3  days,  second 
larval  duration  3-6  days,  prepupal  duration  one  day,  first  pupal  duration  2-3  days  and 
second  pupal  duration  1-2  days,  the  total  duration  thus  completed  in  10-17  days. 


4.    Discussion 

The  present  observations  on  the  fungal  association  of  B.  idolomorphus  indicated  that 
they  preferred  to  feed  only  on  the  dark,  larger  spores  and  not  on  the  smaller,  spores 
(Aspergillus  sp,  Mucor  sp,  Penicillium  sp  etc.,)  which  occurred  in  the  same  niche.  This 
has  also  been  reported  by  Haga  (1972)  in  B.  brevitubus  feeding  on  the  spores  of 
Leptosphaeria  sp  (Pestalotia  sp)  exhibiting  a  wider  range  of  fungal  food  utilisation.  The 
occurrence  of  a  higher  percentage  of  Pestalotia  sp  and  unidentified  ascospores  in  the 
gut  of  B.  idolomorphus  indicates  their  preference  towards  these  spores  than  the  spores 
of  L.  theobromae.  The  positive  correlation  between  the  width  of  the  maxillary  groove 
and  the  width  of  the  spores  they  feed  on  clearly  indicated  the  role  of  these  maxillary 
stylets  in  fungal  spore  selectivity.  The  avoidance  of  several  comparatively  smaller 
spores  of  Hyphomycetes  reflected  spore  selectivity  in  many  of  the  large  spore  feeding 
thrips.  The  present  observations  suggest  that  sporophagous  thrips  species  so  far 
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studied  showed  preference  in  the  order  of  Coelomycetes,  Ascomycetes,  Hyphomycetes 
and  they  never  fed  on  the  spores  of  Bas'domycetes  or  on  lichens. 

Incidence  of  diverse  modes  of  reproduction  in  B.  idolomorphus  indicates  their  ability 
to  adapt  to  all  environmental  fluctuations  and  overcome  fungal  food  scarcity.  The 
incidence  of  ovoviviparity  as  well  as  viviparity  at  higher  temperatures  and  RH  seems  to 
be  an  adaptation  by  this  species  for  survival  Similar  observations  on  the  influence  of 
environmental  factors  in  determining  the  type  of  reproduction  were  reported  in 
Tiarothrips  subramanii  (Ramk.),  Elaphrothrips  denticollis  (Bagnall),  E.  procer  (Schmutz), 
(Ananthakrishnan  et  al  1983b),  Caudothrips  buffai  Hood  (Bournier  1957,  1966),  and 
Megathrips  latriventris  (Heeger)  (John  1923). 

The  duration  of  the  pre-oviposition  period  is  indirectly  proportional  to  the  duration 
of  the  incubation  period.  As  the  pre-oviposition  period  of  the  oviviviparous  individuals 
extended,  the  incubation  period  correspondingly  reduced.  However,  among  the 
viviparous  forms,  the  pre-larviposition  period  is  enormously  long  and  hence  the  young 
ones  emerge  as  such.  The  retention  of  the  developing  oocytes  in  the  lateral  oviduct  to 
facilitate  further  development,  is  influenced  by  several  environmental  factors,  which  in 
turn  induce  the  endogenous  factors  for  their  retention.  Observations  on  the  role  of 
temperature  on  the  duration  of  egg  development  of  B.  brevitubus  by  Haga  (1974)  also 
support  the  present  observations.  Similarly,  Loan  and  Holdaway  (1955)  also  reported 
that  incubation  period  of  eggs  of  Haplothrips  niger  was  4-6  days  at  25°C  under 
laboratory  condition,  and  10-12  days  in  the  field. 

Under  field  conditions  as  well  as  under  laboratory  conditions,  B.  idolomorphus  laid 
their  eggs  in  a  vertical  cluster.  Ovipositional  behaviour  of  B.  idolomorphus  very  much 
resembles  that  of  B.  brevitubus,  (Haga  1974,  1980)  except  for  a  small  variation  in  the 
number  of  eggs  in  each  cluster.  The  eggs  were  always  glued  vertically  to  the  dorsal 
surface  of  the  host  leaf,  on  its  posterior  pole.  Vertical  egg  clusters  also  appear  specific 
among  Elaphrothrips  denticollis,  E.  procer  and  Meiothrips  menoni  (Ananthakrishnan  et 
al  1983b).  Like  many  other  sporophagous  thrips,  B.  idolomorphus  also  exhibit  a  greater 
degree  of  parental  care  towards  their  eggs.  Presence  of  either  male  or  female  of  B. 
brevitubus  close  to  their  egg  mass  has  been  reported  by  Haga  (1974). 

The  number  of  pre-vitellogenic  oocytes  is  more  or  less  similar  in  all  oviparous, 
ovo viviparous  and  viviparous  ovarioles,  but  the  number  of  vitellogenic  oocytes  and  the 
number  of  oocytes  undergoing  embryonic  development  in  the  lateral  oviduct  vary 
considerably.  In  oviparous  forms,  the  basal  oocytes  are  fully  laden  with  yolk  to 
facilitate  egg  development  after  they  are  laid.  In  viviparous  ovaries,  the  pre-vitellogenic 
oocytes  itself  descends  down  the  lateral  oviduct,  where  they  receive  the  nutrients 
directly  from  the  haemolymph.  However,  among  the  ovoviviparous  forms,  the  basal 
oocytes  of  the  ovarioles  are  provided  with  only  little  amount  of  reserve  yolk,  and  as  they 
descend  through  the  lateral  oviduct,  they  also  derive  the  nutrients  from  the 
haemolymph  for  normal  embryonic  development.  When  the  eggs  are  laid  in  a  partially 
developed  condition  as  in  ovoviviparous  forms,  further  development  continues  with 
the  yolk  reserves. 

Considerable  variation  in  the  duration  of  the  development  of  immature  stages  under 
different  temperatures  and  RH,  as  well  as  variation  among  the  two  species  of 
Bactrothrips  viz  B.  idolomorphus  and  B.  brevitubus  were  noticed,  the  former  taking  a 
longer  time  to  complete  post-embryonic  development  than  the  latter.  Observations  by 
Ananthakrishnan  et  al  (1983a)  on  the  role  of  different  fungal  food  on  the  duration  and 
rate  of  post-embryonic  development  of  T.  subramanii  further  support  the  influence  of 
fungal  food  in  the  variation  in  the  developmental  duration. 
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Descriptions  of  new  species  of  oriental  Mymaridae  and  Aphelinidae 
(Hymenoptera:  Chalcidoidea) 

B  R  SUBBA  RAO 

Commonwealth  Institute  of  Entomology,  c/o  British  Museum  (Natural  History),  Cromwell 
Road,  London  SW7  5BD,  UK 

Abstract  A  new  genus  and  species,  Kubja  longipes  from  Sabah,  Hispaniella  tertia  sp.  nov. 
from  Pakistan;  Parallelaptera  teleonerniae  sp.  nov.;  Eretmocerus  breviclavus  sp.  nov.;  Encarsia 
longifasciata  sp.  nov.;  Azot us  bharathius  sp.  nov.;  Azotusfumipennis  sp.  nov.,  all  from  India  and 
of  economic  importance,  are  described. 

Keywords.     Mymaridae;  Aphelinidae;  Kubja  longipes. 


L    Introduction 

Species  belonging  to  families  Mymaridae  and  Aphelinidae  (Hymenoptera: 
Chalcidoidea)  are  some  of  the  smallest  known  beneficial  parasitoids  that  develop  in  the 
eggs  or  other  immature  stages  of  insect  pests  harmful  to  agriculture  and  horticulture. 
Many  species  of  these  microscopic  wasps  have  been  successfully  utilised  in  the 
biological  control  of  insect  pests.  New  species  described  from  India  appear  to  be 
widespread  within  the  subcontinent  and  prove  to  be  of  great  importance  in  the  natural 
control  of  insect  pests  that  they  attack.  Integrated  pest  management  is  the  key  word  in 
the  control  of  insect  pests  and  it  is  hoped  the  parasitoids  described  in  the  following 
pages  are  further  investigated  as  to  their  bionomics  and  use  of  insecticides  and  other 
cultural  practices  to  be  developed  to  preserve  these  beneficial  ones.  The  holotype  and 
paratypes  of  the  new  species  described  are  deposited  in  the  collections  of  the  British 
Museum  (Natural  History). 


2.    Description  of  new  taxa 
2.1     Mymaridae.  Kubja  gen.  nov. 

2.10  Kubja*  longipes  sp.  nov:  Antenna  in  female  10-segmented  with  the  club 
unjointed;  in  male  12-segmented;  scape  in  female  very  long,  teeth  not  prominent,  yet  not 
smooth,  one  apparent  protruberance  giving  origin  to  a  long  seta  present,  club  when 
mounted  laterally  the  apex  appears  like  a  beak.  Mandible  three-dentate.  Antenna 
originating  very  high  on  the  face,  the  apex  of  torulus  almost  touching  transversofrontal 
trabecula.  Thorax  short,  almost  quadrate,  mesophragma  penetrating  deep  into  the 
abdomen  reaching  the  fifth  abdominal  segment.  Ovipositor  very  short,  originating  at 
the  5th  abdominal  segment.  Forewings  spatulate,  marginal  fringe  very  long;  tarsi  5- 
jointed.  Pleurites  of  the  abdomen  distinctly  separated  from  their  tergites. 


Etymology:  In  Sanskrit  Kubja  means  dwarf  or  stumpy. 
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Figures  1-9.  1-6.  Kubja  longipes  gen.  sp.  nov.  1.  female  as  seen  laterally;  2.  part  of 
thorax  and  gaster,  dorsal  views;  3.  forewing;  4.  venation  highly  magnified;  5.  antenna  female; 
6.  antenna  male.  7-9.  Dicopus  minutissimus  Enock;  7.  antenna  female;  8.  antenna  male;  9. 
venation  highly  magnified. 

Kubja  gen.  nov.  belongs  to  the  subfamily  Alaptinae,  tribe  Alaptini  and  runs  to 
couplet  5  of  key  to  genera  of  tribe  Alaptini  (Annecke  and  Doutt  1961)  and  differs  from 
Dicopus  Enock  in  the  shape  and  length  of  antennal  scape,  squat  thorax,  long  legs  and 
extremely  short  ovipositor.  The  new  genus  also  runs  to  couplet  7  of  key  to  higher 
categories  and  oriental  genera  of  Mymaridae  (Subba  Rao  and  Hayat  1983)  and  differs 
from  Litus  Haliday  in  having  7-segmented  funicle  and  scutellum  smooth. 
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Female:  Length  0-15  mm.  General  colour  dark  brown,  ail  coxae  concolorous  with 
thorax,  antennae,  legs  except  coxae  pale  yellow;  wings  delicately  infumate. 

Head  viewed  in  front  broader  than  high  (40 : 34),  vertex  with  the  occipital  border 
sharp  and  making  an  angle,  the  apex  of  the  angle  reaching  beyond  the  level  of  the  lateral 
ocelli.  Vertex  delimited  by  transversofrontal  trabecula  anteriorly,  the  divided  orbital 
trabeculae  laterally  and  the  posterior  ocular  trabecola  which  is  clearly  divided  into  two 
and  making  an  inverted  V  conforming  to  the  shape  of  the  posterior  occipital  border. 
Ocelli  in  a  wide  angled  triangle,  the  base  2-6  times  as  long  as  a  side,  lateral  ocellus 
separated  from  the  ocular  border  by  its  own  diameter;  vertex  and  face  with  few  long 
setae.  Antennae  originating  high  on  the  face  close  to  the  transversofrontal  trabecula 
(median  carina),  toruli  wide  apart,  almost  touching  the  suborbital  carinae;  scape  very 
long,  longer  than  the  height  of  the  head  (40 : 34),  slightly  dilated  in  the  apical  two-thirds 
and  with  one  minute  dorsal  tooth  giving  origin  to  a  long  seta;  pedicel  much  broader 
than  scape  (10:6),  funicle  segment  1  the  shortest  and  segments  2  and  3  longest  and 
equal,  clava  solid  with  its  apex  shaped  somewhat  like  a  beak;  measurements  of  the 
antennal  components  as  follows:  scape  40;  pedicel  1 2:  Fl  8;  F2  18;  F3  18:  F4  17;  F5  13; 
F6  12;  F7  11;  clava  42;  funicle  with  sparse  moderately  long  setae,  F2  to  F5  each  with  its 
apical  two  thirds  area  somewhat  constricted  and  giving  origin  to  two  setae;  longitudinal 
sensoria  absent  on  all  funicle  segments,  clava  with  two  sensoriae. 

Thorax  in  dorsal  view  slightly  more  than  twice  broader  than  long  (60 : 28);  prothorax 
not  clearly  visible  dorsally,  undivided;  mesoscutum  convex,  transversely  delicately 
striate,  nearly  twice  as  broad  as  long;  scutellum  narrow,  ribbon  like,  slightly  over  4  times 
as  broad  as  long,  without  setae;  propodeum  also  narrow,  narrower  than  scutellum, 
without  any  setae.  Forewings  as  in  the  figure,  spatulate  (oar  shaped)  with  the  base 
slightly  broader;  wing  span  as  compared  to  thorax  135:24;  disc  with  about  15  to  17 
minute  setae  in  two  rows;  marginal  fringe  very  long,  about  25,  the  longest  about  6  times 
as  long  as  wing  disc  breadth  (84 : 14);  venation  to  30  (as  measured  against  the  wing  span) 
into  the  wing  base,  both  proximal  and  discal  macrochaeta  very  minute,  hardly  reaching 
beyond  venation,  hypochaeta  comparatively  long,  reaching  just  beyond  the  lower 
border  of  the  marginal  vein;  hind  wing  in  the  apical  two  thirds  almost  parallel  sided, 
marginal  fringe  long,  numbering  about  18-20,  the  longest  nearly  9  times  as  long  as  wing 
disc  breadth.  Legs  very  long  and  without  any  apparent  teeth  on  the  fore  legs. 

Abdomen  viewed  dorsally  broader  than  thorax,  slightly  longer  than  the  combined 
length  of  head  and  thorax;  tergites  2  to  6  each  with  a  pair  of  lateral  setae,  otherwise 
tergites  smooth  and  unsculptured;  ovipositor  very  small,  the  sheaths  slightly  exserted. 

Male:  Essentially  similar  to  female.  Antennal  scape  without  any  protruberance; 
funicle  segments  beyond  4  with  longitudinal  sensoria. 

Material  studied:  Holotype  female  Malaysia,  Tawau,  Sabah,  ex  unidentified  host  on 
Cocoa  flowers,  23.1.1983  (G.T.  Linn  coll.);  paratypes  1  female  1  male  same  data.  The 
holotype  and  two  paratypes  together  mounted  on  a  slide  in  'GumchloraF.  The  holotype 
is  the  one  specimen  dorsoventrally  mounted  with  the  wings  fully  stretched  horizontally; 
the  paratypes  are  mounted  laterally. 

2.lb  Parallelaptera  teleonemiae  sp.  nov:  Female.  General  colour  brown,  with  the 
following  parts  lighter;  antennae  and  tarsi.  Length  0-4  to  0-45  mm. 

Head  in  frontal  view  across  the  eye  wider  than  high  (50 : 40),  slightly  narrower  than 
the  thorax  when  measured  across  the  tegulae  (50: 54);  eyes  large,  widely  apart,  lateral, 
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Figures  10-18.  10-14.  Parallelaptera  teleonemiae  sp.  nov.  10.  antenna  female;  11 
antenna  male;  12.  forewing  female;  13.  hindwing  male;  14.  venation  highly  magnified;  1! 
Parallelaptera  funiculi  Annecke  &  Doutt  antenna  female;  16.  Parallelaptera  panis  Enocl 
antenna  female;  17-18.  Parallelaptera  rex  (Girault),  17.  antenna  female;  18.  venation  highl 
magnified  (all  figures  drawn  from  either  hoio-  or  paratype). 


without  hairs;  transversofrontal  trabecula  entire;  orbital  trabecula  not  entire,  broke] 
into  10-11  parts,  originating  near  the  antennal  toruli  and  extending  dorsally  reachin, 
the  lateral  ocellus.  Ocelli  in  an  equilateral  triangle,  the  sides  being  45°,  lateral  ocellu 
separated  from  the  orbit  by  about  its  own  diameter.  Vertex  and  face  comparative! 
smooth,  without  any  apparent  sculpturing;  mandibles  absent.  Antenna  inserted  abov 
the  lower  level  of  the  eyes,  wide  apart,  nearer  the  eyes  than  to  each  other;  scape,  pedice 
five-jointed  funicle  segments  and  the  club  measure  in  the  following  ratic 
22 : 10 : 4 : 5 : 4 : 7 : 1 5 : 30;  scape  narrow,  slightly  wider  at  the  basal  one  third,  pedicel  a 
apex  twice  as  wide  as  scape,  funicle  segments  1  to  3  narrow  and  equally  broad  and  lon^ 
segment  4  slightly  broader  and  longer  than  the  preceding  ones,  segment  5  about  twice  a 
broad  as  the  fourth  and  2-4  times  long,  clava  twice  as  long  as  the  fifth  segment;  only  th 
last  funicle  segment  and  the  clava  are  provided  with  longitudinal  sensoria. 

Thorax  slightly  longer  than  gaster  (65 : 62),  pronotum  entire,  furnished  with  3  and 
dorsal  setae,  the  middle  seta  on  either  side  the  smallest,  mesoscutum  slightly  broade 
than  long  (25 : 22),  notaular  grooves  straight  and  deep  with  a  moderatley  long  seta  O] 
the  dorso-lateral  aspect  of  the  mesoscutum.  Axillar  seta  1  and  longer  than  mesoscutella 
seta.  Scutellum  longer  than  wide  (29 : 24);  metanotum  visible,  with  a  single  minute  set 
on  either  side.  Propodeal  setae  extremely  small,  2  and  seen  only  when  carefully  studie* 
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under  very  high  magnification  ( x  250);  mesophragma  barely  projecting  into  the 
abdominal  cavity  and  the  apex  rounded. 

Forewings  typical  of  the  genus,  almost  parallel  sided;  length  to  breadth  (120: 19); 
venation  reaching  to  about  one  third  the  length;  with  one  row  of  8  discal  setae  running 
parallel  to  the  upper  border  and  a  second  row  of  4  or  5  setae  arising  beneath  the 
venation  near  the  lower  border;  marginal  vein  well  developed;  hypochaeta  extremely 
close  to  proximal  macrochaeta,  but  distad  and  beneath  it;  distal  macrochaeta  almost 
twice  the  length  of  proximal  one;  marginal  fringe  very  long,  6  times  as  long  as  the 
maximum  breadth  of  the  wing.  Hind  wing  hyaline,  marginal  fringe  about  7  times  as 
long  as  the  breadth  of  the  hind  wing. 

Fore  legs  with  coxae  and  femora,  middle  legs  with  coxae  large,  hind  legs  with  coxae 
small  and  rounded. 

Abdomen  slightly  shorter  than  thorax  (65 : 70),  ovipositor  originating  from  near  the 
base  of  abdomen  and  the  ovipositor  sheath  slightly  exserted. 

Male:  Essentially  similar  to  female  except  for  the  sexual  characters  associated  with 
the  antenna. 

Material  studied:  Holotype  female  India,  Karnataka,  Bangalore  ex  Teleonemia 
scrupulosa  Stal  on  Lantana  camera.  30.xii.1980  (M.  Yacoob  Coll.).  Paratypes 
1  female-2  male  Bangalore,  ex  Dictyla  sp.,  9. i.  1980  (M.  Yacoob  Coll.);  4  female 
Madras,  ex  Phenotropis  cleopatrae  onTephrosia  pur  pur  ea,  1  .v.  1980  (M.  Yacoob  coll.);  6 
male  1  female  Madras,  ex  Urentius  euonymus  Distant  on  Sida  malvestrum,  7. v.  1980 
(M.  Yacoob  coll.). 

Parallelaptera  teleonemiae  sp.  nov.  can  be  separated  from  the  other  three  known 
species  as  shown  in  the  key  to  species  of  Parallelaptera. 

Key  to  species  of  Parallelaptera  Enoch,  females 

1  Funicle  segments  progressively  longer  than  the  preceding  one  ....  2 
Funicle  segments  not  progressively  longer  than  the  preceding  one  but 

of  different  lengths 3 

2  Funicle  segments  1-3  subequal,  yet  progressively  longer  than  the 
preceding  one.  Thorax  slightly  longer  than  gaster;  forewing  disc 
comparatively  narrow,  the  longest  marginal  fringe  four  times  the 
wing  disc  width  (102:24);  distal  macrochaeta  just  145  times  longer 

than  proximal  macrochaeta panis  Enock  (1909)  Europe 

First  funicle  segment  the  shortest,  subsequent  segments  clearly 
progressively  longer  than  the  preceding  one.  Thorax  as  long  as  gaster; 
forewing  disc  comparatively  wide,  the  longest  marginal  fringe  only  2-5 
times  as  long  as  the  wing  disc  width  (100 : 40);  distal  macrochaeta  two 
times  as  long  as  the  proximal  macrochaeta rex  (Girault)  (1911)  U.S.A. 

3  Funicle  with  the  first  segment  shortest,  second  and  fourth  segments 
short  and  subequal,  third  and  fifth  segments  very  long  and  subequal. 
Forewing  hyaline;  longest  marginal  fringe  about  2-5  times  the  wing 
disc  width;  distal  macrochaeta  twice  as  long  as  the  proximal 
macrochaeta funiculi  Annecke  and  Doutt  (1961)  South  Africa 

Funicle  with  first  four  segments  very  short,  subequal,  yet  appear  to  be 
equal  in  length,  fifth  segment  large  and  much  wider  than  preceding 
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segments.  Forewing  slightly  infumate;  longest  marginal  fringe  slightly 
more  than  3-3  times  the  wing  disc  width;  distal  macrochaeta  one  and 
two  thirds  as  long  as  the  proximal  macrochaeta teleonemiae  sp.  nov/  India 

2.2    Aphelinidae 

2.20  Hispaniella  tertia  sp.  nov.  Female:  General  colour  dark  brown,  with  the 
following  parts  light  brown  to  yellow;  antennae  and  all  tarsi;  all  femora  and  tibiae 
partially  dark  and  light  coloured. 

Head  viewed  frontally  wider  than  long  (4:3-5),  mandibles  three-dentate,  two  sharp 
teeth  and  a  somewhat  blunt  third  tooth;  labial  palpi  unsegmented  and  maxillary  palpi 
two  segmented.  Ocelli  in  an  obtuse  angled  triangle,  the  lateral  ocelli  about  twice  their 
own  diameter  away  from  the  ocular  border.  Antennae  inserted  very  low  on  the  head, 
almost  near  the  mouth  border,  8  segmented;  scape  cylindrical,  radicle  very  long,  slightly 
less  than  half  the  length  of  the  scape  (25 : 12),  pedicel  long,  a  little  longer  than  half  the 
scape,  two  funicle  segments  subequal,  the  first  longer  than  the  second,  clava  4  jointed, 
about  2-7  times  as  long  as  the  combined  lengths  of  the  funicle  segments  (80 : 30),  basal 
joint  much  broader  than  funicle  and  subsequent  joints  progressively  narrower  and  the 
apical  joint  ending  almost  spine-like.  Longitudinal  sensoria  almost  obliterated  or  if 
present,  hardly  visible  even  under  very  high  magnification  and  seen  on  the  distal  two 
joints. 

Thorax  hardly  longer  than  broad  when  measured  across  the  tegulae  (85 : 80);  scutum 
longer  than  scutellum  (50 : 30),  notaular  grooves  well  impressed;  scutum  and  scutellum 
with  2  pairs  of  short  setae;  scutum  sculptured  with  various  pentagonal  or  hexagonal  fine 
reticulations  against  the  almost  smooth  scutellum,  notum  and  propodeum.  Forewings 
about  2-5  times  as  long  as  broad  and  faintly  infuscated  in  the  basal  half.  Discal  setae 
very  short  and  sparsely  distributed  and  appear  more  like  spicules  than  setae.  Marginal 


Figures  19-23.    Hispaniella  tertia  sp.  nov.  19.  forewing  female;  20.  antenna  female;  21. 
antenna  male;  22.  foretibia  and  tarsi;  23.  middle  tibia  and  tarsi. 
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vein-  very  slightly  shorter  than  submarginal,  stigmal  vein  short  and  curved;  marginal 
vein  with  6  long  cilia,  submarginal  with  1;  marginal  fringe  long,  the  longest  on  the  distal 
lower  border  slightly  longer  than  half  the  wing  width;  marginal  fringe  of  the  hind  wing 
longer  than  the  breadth  of  the  wing,  the  disc  with  two  rows  of  very  short  spicule-like 
cilia  in  the  distal  half. 

Legs  normal  to  aphelinid  species  except  that  the  tibiae  are  slightly  dilated;  middle 
tibial  spur  as  long  as  the  basitarsus.  Caster  slightly  longer  than  thorax,  ovipositor 
sheath  slightly  exserted. 

Male    Essentially  similar  to  female  except  for  the  antenna. 

Material  studied:  Holotype  female,  Pakistan,  Quetta,  ex  Lepidosaphes  baluchistanus 
2.U970  (CIBC,  Pakistan),  On  Prunus  amygdalus.  Paratypes  1  male  and  1  female  same 
data.  The  holotype  and  the  male  paratype  are  mounted  on  the  same  slide. 

Hispaniella  tertia  sp.  nov.  differs  from  the  other  two  known  species  as  shown  in  the 
key  to  species. 

I  have  named  the  oriental  species  as  the  third  known  valid  species  of  the  world;  the 
other  two  are  Hispaniella  lauri  (Mercet)  and  Hispaniella  howardi  Dozier.  Hill  (1970) 
described  a  species  under  Hispaniella  from  Uganda,  Africa.  I  have  taken  this 
opportunity  to  study  the  types  of  H.  africana  Hill  and  the  following  are  my 
observations.  It  is  clear  from  my  studies  that  Hill  (1970)  made  a  very  serious 
observational  error,  the  whole  mounted  specimen  and  the  dissected  and  mounted  in 
4Gum  Damar'  on  slides  show  the  legs  of  africana  with  five-segmented  tarsi.  This 
character  alone  precludes  the  species  from  placement  under  Hispaniella.  Further,  the 
species  belongs  to  Encarsia  and  is  placed  in  synonymy  with  Encarsia  lounsburyi 
(Berlese  and  Paoli). 

Encarsia  lounsburyi  (Berlese  and  Paoli) 
Prospaltella  lounsburyi  Berlese  and  Paoli  1916  Redia  11  305 
Aspidiotiphagus  lounsburyi  Berlese  and  Paoli  1916  Redia  12  12 
Hispaniella  africana  Hill  1970  Bull,  entomol  Res.  60  97  Syn.  nov. 

Key  to  species  of  Hispaniella  Mercet,  females 

1  Longest  marginal  fringe  on  the  lower  margin  of  the  forewing  as  long 
as  wing  width  disc.  Pedicel  distinctly  wider  than  scape.  Area  beneath 

stigmal  vein  bare howardi  Dozier,  1937  Haiti 

Longest  marginal  fringe  on  the  lower  margin  of  the  forewing 
conspicuously  shorter  than  the  wing  disc  width;  other  characters 
differing 2 

2  Longest  marginal  fringe  about  two-thirds  the  wing  disc  width.  Scape 
cylindrical,  seventh  antennal  segment  the  longest,  eighth  segment  not 
very  narrow  compared  to  seventh;  middle  tibial  spur  as  long  as 
basitarsus lauri  (Mercet),  (1911)  Europe,  Caucasus 

Longest  marginal  fringe  slightly  over  half  the  wing  disc  width.  Scape 
distinctly  expanded  in  the  basal  half,  fifth  and  sixth  antennal  segments 
largest,  eighth  segment  very  narrow  and  nipple-like;  middle  tibial  spur 
longer  than  basitarsus tertia  sp.  nov.  Pakistan 

2.2b    Eretmocerus  breviclavus  sp.  nov.  Female:    Length  0*6  to  0-62  mm  Head  orange 
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Figures  24-26.  Eretmocerus  breviclavus  sp.  nov.  19.  forewing  female;  24.  antenna  female; 
25.  forewing  female;  26.  middle  tibia  and  tarsi.  27-29.  Encarsia  longifasciata  sp.  nov.  27. 
thorax  and  gaster  showing  longitudinally  orientated  pigmented  areas;  28.  antenna  female;  29. 
forewing  male. 


yellow,  rest  of  the  body  pale  yellow;  antennae  and  legs  pale;  eyes  red;  collar  of  pronotum 
and  propodeum  dusky  brown. 

Head  broader  than  height  (23: 17),  fronto vertex  4  times  as  wide  as  the  eye  width; 
ocelli  in  an  obtuse-angled  triangle,  POL  3  times  as  long  as  OOL;  malar  space  with  a 
delicate  subocular  suture  which  does  not  reach  the  eye;  antennae  originating  well  below 
the  lower  margin  of  eyes,  almost  near  the  clypeus,  the  toruli  wide  apart,  about  1-7  times 
the  length  of  a  torulus;  scrobes  short,  very  shallow;  mandible  distinctly  3-dentate, 
though  the  inner  tooth  very  short  and  somewhat  rounded. 

Thorax  with  mesoscutum  bearing  3  pairs  of  setae  and  the  scutellum  with  2  pairs  of 
setae;  scutum  very  finely  areolate  reticulate  sculptured,  scutellum  with  very  fine 
striations;  mesophragma  extending  into  the  abdominal  cavity  about  one-third  the 
length.  Forewings  hyaline,  2*5  times  as  long  as  wide,  the  longest  of  the  marginal  fringe 
slightly  less  than  one-eighth  the  wing  disc;  stigmal  vein  subequal  in  length  to  marginal 
vein,  speculum  mesally  bordered  by  1  to  3  rows  of  long  setae  (15-17),  marginal  and 
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submarginal  veins  with  3  dorsal  setae  each,  costal  cell  almost  bare  except  for  3  small 
apical  setae  and  a  minute  seta  near  the  third  dorsal  seta  of  the  submarginal  vein.  Hind 
wing  7  times  as  long  as  broad,  marginal  fringe  slightly  longer  than  wing  disc  width.  Legs 
normal  to  species  of  Eretmocerus;  middle  tibial  spur  half  as  long  as  basitarsus. 

Gaster  slightly  longer  than  thorax  (50:40),  ovipositor  as  seen  in  cleared  slide- 
mounted  specimens  originating  from  the  third  segment  and  the  ovipositor  sheath  well 
exserted,  longer  than  middle  tibia  (60 : 40). 

Male:     Essentially  similar  to  female  in  every  respect  except  for  the  antennae. 

Material  studied:  Holotype  female,  India,  Karnataka,  Bangalore,  ex  biackfly  on  curry 
leaves,  20.vi.1983  (Clement  Peter  coll.).  Paratypes  6  females,  2  males,  same  data. 

Eretmocerus  breviclavus  sp.  nov.  runs  in  Compere's  key  (Compere  1936)  to  couplet 
No.  9  and  also  to  Hayat  (1972)  who  adapted  Compere's  key  to  include  the  3  new  species 
he  described  from  India  to  couplet  No.  11.  breviclavus  sp.  nov.  differs  from  both 


";:v'';::/;:^ 

'Sl^:^'-36    "^^-S^        III/ 
^&  ,          „  .^^  - .      ?\iS^ 

--'  ,-     /     L^"^  •'',:'*'  '^^  '•••'-'.        %--f 

35  jt^W*          t;        ^j^      W 

-.r'^ifc    ^ 

^_-^  t^S^ 

-V'— LJ--  -(  1^    ^^^n^^^v<s*0 

x/  -       ^  ^\^i~_iLx 

33  -^— -_---°-' 

V 


38 


39 


Figures  30-39.  30-34.  Azotus  bharathius  sp.  nov.  30.  forewing  female;  31.  stigmal  vein 
magnified;  32.  antenna  female;  33.  arrangement  of  setae  on  mesoscutum  and  scuteilum;  34.  the 
last  tergite  and  ovipositor  sheath.  35-39.  Azotus  fwnipennis  sp.  nov.  35.  forewing  female;  36. 
stigmal  vein  magnified;  37.  antenna  female;  38.  arrangement  of  setae  on  mesoscutum  and 
scuteilum;  39.  last  tergite  and  ovipositor  sheath. 
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longipes  Compere  and  portoricensis  Dozier  in  the  very  short  truncate  clava  and  the 
number  and  arrangement  of  cilia  based  bordering  the  speculum. 

2.2c  Encarsia  longifasciata  sp.  nov.  Female:  Length  0-55  to  0-75  mm  Head,  pro- 
notum,  scutum  except  for  a  narrow  strip  on  the  lateral  aspects,  axillae  and  a  small  patch 
laterally  on  all  gastral  tergites  except  the  seventh  dark  brown,  scutellum,  metanotum, 
most  of  propodeum  and  gaster  pale;  antennae  and  legs  pallid;  wings  hyaline;  eyes  dark 
red. 

Head  2-5  times  as  broad  as  high,  ocelli  in  an  equilateral  triangle,  POL  almost  equal  to 
OOL  and  the  lateral  ocelli  about  3  times  their  own  diameter  away  from  the  occipital 
border.  Eyes  with  short  setae.  Antenna  with  scape  cylindrical  5  times  as  long  as  broad, 
radicle  long,  slightly  less  than  half  the  length  of  scape  (16:40),  pedicel  slightly  longer 
than  funicle  segment  1  (14: 12);  funicle  4-segmented,  all  longer  than  broad,  4th  funicle 
segment  the  longest;  clava  2  jointed,  slightly  longer  than  the  combined  lengths  of  funicle 
segments  3  and  4  (50 : 44),  the  ratio  of  the  components  of  the  antenna  as  follows:  scape 
excluding  radicle  40,  pedicel  14,  Fl,  12;  F2,  18;  F3,  20;  F4,  24;  clava  50;  Fl  to  3  with  a 
single  linear  sensilla,  F4  and  clava  with  2  linear  sensillae  each. 

Thorax  shorter  than  gaster  (58 : 75);  mesoscutum  rnesally  almost  smooth,  laterally 
delicately  areolate  reticulate,  scutellum  and  propodeum  almost  smooth;  scutum  with 
one  pair  of  distal  setae,  parapsides  and  axillae  with  1  +  1  setae,  scutellum  with  a  pair  of 
extremely  minute  setae  in  the  middle  which  can  easily  be  overlooked  and  a  pair  of  distal 
long  and  strong  setae. 

Forewing  3  times  as  long  as  broad,  submarginal  vein  very  much  shorter  than 
marginal  vein  (40 : 60),  with  two  minute  setae,  marginal  vein  with  7  long  setae,  stigmal 
vein  narrow,  long;  costal  cell  with  a  row  of  very  minute  setae;  discal  ciliation  sparse,  a 
hairless  area  beneath  and  proximal  to  stigmal  vein,  a  continuous  line  of  dark  ciliation 
running  parallel  to  the  wing  border  enclosing  a  hairless  area  all  round  (figure,  29), 
marginal  fringe  long,  the  longest  about  five-eighths  of  wing  disc  (40:68);  hind  wing 
narrow,  with  one  complete  row  of  discal  cilia  running  parallel  to  the  dorsal  border  and  a 
short  row  of  cilia  running  parallel  to  ventral  border,  marginal  fringe  shorter  than  the 
wing  disc  (28 : 18).  Legs  normal  to  the  species  group,  middle  and  hind  basitarsi  as  long 
as  subsequent  three  tarsal  joints  combined,  middle  tibial  spur  slightly  over  half  as  long 
as  basitarsus. 

Gaster  long,  twice  as  long  as  thorax,  ovipositor  originating  from  the  fourth  segment, 
longer  than  hind  tibia,  not  exserted;  gastral  tergites  1  to  6  laterally  with  a  dark 
pigmented  patch  which  is  areolate  reticulate,  also  tergites  1  to  4  with  a  pair  of  lateral 
long  setae  and  tergites  5  and  7  with  4  setae  and  tergite  5  with  2  setae  situated 
mesally. 

Male:  not  known. 

Material  studied:  Holotype  female  India,  Karnataka,  Bangalore,  ex  blackfly  on 
Murray  a  sp.  20.6.1983  (Clement  Peter  coll.).  Paratype  1  female  same  data,  the  holo  and 
paratypes  are  mounted  on  the  same  slide  and  the  holotype  marked. 

A  great  number  of  species  of  Encarsia  have  been  described  from  all  over  the  world 
and  there  is  no  key  available  to  separate  the  species.  Viggiani  (1979, 1981)  grouped  the 
known  species  to  15  groups  and  gave  some  important  characters  by  which  the  groups 
could  be  recognised.  Encarsia  longifasciata  sp.  nov.  falls  under  coryli  group  and  differs 
from  the  two  other  species  of  coryli  group,  coryli  Viggiani  and  japonica  Viggiani  by  the 
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strikingly  pigmented  and  sculptured  tergites  and  by  the  sparse  discal  cilia  and  the  long 
marginal  fringe. 

2.2 d  Azotus  bharathius  sp.  nov.  Female:  Length  0-95  to  1-1  mm  Body  mostly  dark 
blackish  brown;  pronotum  metallic  green,  head  between  and  beneath  eyes  silvery  white, 
cheeks  with  a  dark  brown  band  between  the  silvery  white  strip  below  the  eye  and  cheek, 
frontovertex  white  with  a  brown  patch  surrounding  the  ocellar  area;  scape  including 
radicle,  pedicel  basally,  funicle  segments  1  to  3  and  clava  dark  brown;  scape  with  a 
narrow  dorsal  strip,  pedicel  apically  and  funicle  segments  2  and  4  white.  Hind  coxae  and 
femora  mostly  dark  brown,  fore  and  middle  coxae  partially  yellow,  all  tibiae  basally 
dark,  apical  half  are  more  yellow.  Eyes  brick  red.  Forewing  from  base  to  the  area 
beneath  stigmal  vein  evenly  dark  infumate,  followed  by  a  hyaline  area,  intercepted  by  a 
stigmoid  dark  infumate  band  and  distally  two  hyaline  areas  separated  by  a  faint  srnokey 
patch;  hind  wing  faintly  infumate. 

Head  with  ocelli  in  an  isosceles  triangle,  POL  slightly  longer  than  OOL;  frontovertex 
about  one  half  of  head  width;  eyes  longer  than  malar  space,  malar  suture  not  evident; 
mandible  clearly  3-dentate  and  a  truncation;  scrobes  deep.  Antenna  with  the  scape 
expended  apically,  pedicel  slightly  less  than  half  the  scape,  funicle  segment  I  the  longest, 
second  slightly  shorter,  fourth  shorter  than  second,  third  funicle  segment  the  shortest, 
clava  slightly  longer  than  scape;  the  ratio  of  their  measurements  are  as  follows:  scape  52; 
pedicel,  24;  funicle  1,  28;  F2,  26;  F3,  14;  F4,  24;  clava  55. 

Thorax  distinctly  transversely  orientated  reticulate  sculptured;  propodeum  and  first 
gastral  tergite  with  areolate  reticulate  sculpture.  Mesoscutum  with  a  pair  of  minute 
setae  and  scutellum  with  two  pairs  of  setae.  Forewing  as  in  the  figure  (figure  30).  Gaster 
nearly  two  times  as  long  as  thorax  (90 : 46),  ovipositor  sheaths  well  exserted,  about  one- 
third  the  length  of  gaster. 


Male:    Essentially  similar  to  female  except  for  the  antennae  and  wings. 
Material  studied:  Holotype  female  India,  Uttar  Pradesh,  Lucknow,  ex  Aspidiotus 
glomeratus  ( =  Melanaspis  glomerata  Green),  Indian  Sugarcane  Research  Institute, 
1974  Paratypes  3  females,  8  males,  same  data. 

Azotus  bharathius  sp.  nov.  is  very  close  to  Azotus  williamsi  Annecke  and  Insley  in 
Annecke  and  Insley's  (1970)  key  to  Ethiopian  species  of  Azotus  and  cannot  be  placed  in 
Hayat's  (1979)  key  to  Indian  species.  A.  bharathius  sp.  nov.  differs  from  A.  williamsi  in 
having  a  number  of  strong  discal  setae  beneath  the  marginal  vein;  the  new  species  also 
differs  from  the  European  species  elegantulus  Silvestri  in  not  having  a  hyaline  area 
beneath  the  marginal  vein  but  having  a  hyaline  vertical  strip  in  front  of  stigmal  vein. 

2.2e  Azotus  fumipennis  sp.  nov:  This  species  is  almost  similar  to  bharathius  sp.  nov. 
except  for  the  following  characters:  ratio  of  funicle  segments  and  clava;  scutellum  with 
only  one  pair  of  setae;  forewing  from  base  to  the  end  of  stigmal  vein  strongly  infumate, 
the  peg-like  setae  present  below  the  marginal  vein  in  bharathius  absent. 
Material  studied:  Holotype  female  India,  Uttar  Pradesh,  Lucknow,  ex  scale  insects 
20.x.  1980  (H.  Nigam  coll.);  Paratypes  14  females  same  data;  4  females  ex  scale  insects  on 
sugarcane,  15.iii.1980  (T.  N.  Srivastava  coll.);  7  females  1  male  Tamilnadu,  Gangavati, 
ex  Melanaspis  glomerata  Green,  on  sugarcane,  15.iv.1981  (S.  K.  Dutta  coll.);  4  females  3 
males  Coimbatore,  ex  scale  insects  on  sugarcane,  1982;  1  female  Andhra  Pradesh,  ex 
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Melanaspis  glomerata  Green,  Jan.  1982;  1  female  Karnataka,  Hospet,  ex  Melanaspis 
gioniemta  Green,  5.1.1982  (G.  L.  Patter  coll.). 
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FOREWORD 


Insects  and  plants  as  well  as  micro-organisms  have'be^n  very  closely  associated 
throughout  their  evolutionary  history  during  which  there  has  been  varying  degrees  of 
complexity  in  the  nature  of  their  association.  The  role  of  insects  in  the  spread  and 
development  of  plant  diseases  has  been  recognised  for  a  long  time  and  in  recent  years 
with  the  availability  of  diversified  techniques  for  advanced  studies,  considerable 
progress  has  been  made  in  the  study  of  insect-host  plant  interactions.  In  order  to 
properly  assess  the  magnitude  of  the  complexity  of  these  interactions,  a  proper 
understanding  of  the  morphology  and  physiology  of  the  insect,  the  plant,  and  the 
pathogen  (bacteria,  fungus,  virus,  and  mycoplasma)  is  a  basic  necessity.  Such 
biological  associations  need  not  necessarily  be  only  a  detrimental  one  to  the  plant,  but 
can  also  be  mutually  beneficial  as  in  the  case  of  insect  pollination  in  flowering  plants. 
Keeping  these  aspects  in  view  and  the  increasing  relevance  of  this  field  of  investigation, 
it  was  thought  fit  to  have  a  symposium  on  three  fundamental  areas  of  interactions 
between  insect&and  plants  viz.  the  role  of  insects  as  agents  of  gall  induction,  vectors  of 
plant  diseases,  and  as  pollen  vectors. 

The  problem  of  cecidogenesis,  a  highly  specific  and  specialised  plant  reaction  to  the 
feeding  activity  of  the  concerned  insect  has  been  discussed  in  this  volume  on  the  basis  of 
(a)  the  dynamics  of  root-knot  nematode  galls  involving  various  enzymes  of  the 
nematode  larvae  associated  with  their  feeding,  the  gall  syncytium  functioning  as  a 
nutrient  sink  drained  by  the  nematode  which  is  the  metabolic  sink,  (b)  Insect-fungal 
association  in  some  plant  galls  wherein  insect  galls  harbour  specific  fungi,  (c)  The 
biology  of  flower  galls  involving  the  flower  as  a  cecidomorphogenetic  centre 
functioning  as  an  ideal  ecological  niche  for  the  gall  insects  whose  life  cycles  are  suitably 
adapted  with  that  of  flowers,  (d)  Some  aspects  of  the  host  finding  and  host  acceptance 
of  gall  chalcids  and  (e)  an  overall  assessment  of  gall  insect-host  plant  relationship  in 
terms  of  the  inherent  potential  of  the  gall  insects  to  establish  a  habitat  through 
modification  of  the  host  plant  tissue  to  make  it  a  self  contained  nutritional  guild. 

The  vector  role  of  insects  causing  several  plant  diseases  is  highlighted  in  relation  to 
the  virus  diseases  of  sugarcane,  the  role  of  aleyrodids  or  white  flies  in  the  transmission 
of  the  cowpea  mild  mottle  virus;  the  leaf  hopper /plant  hopper,  transmitted  viruses  of 
cereal  crops;  arthropod  vectors  of  virus,  mycoplasma  and  rickettsia-like  pathogens  in 
India  as  well  as  mycoplasma  and  allied  diseases  in  forest  trees  in  India.  The  disease 
symptoms,  etiology,  factors  affecting  distribution  of  disease  and  relation  to  host  plant 
age,  transmission  potential,  and  biology  and  ecology  of  vectors,  feeding  habits  of 
vectors  and  role  of  plant  associates  in  maintaining  vector  populations  are  highlighted. 
The  vector  potential  of  mycophagous  thrips  as  well  as  the  nature  of  thrips-fungus 
interaction  in  relation  to  the  carrying  of  fungal  pathogens  and  vector  host  pathogen 
interaction  have  been  adequately  discussed.  Information  on  the  mechanism  of  viral 
acquisition  by  insect  vectors  and  associated  interactions  and  the  differential  responses 
of  vectors  to  the  different  plant  species  tending  to  influence  the  virus  transmissibility 
has  also  been  discussed. 
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Flower-insect  interaction  in  terms  of  pollination  has  been  discussed  in  terms  of  the 
basic  trends  in  floral  evolution  and  the  attraction  needed  to  lure  pollen  vectors 
including  pollen,  nectar  and  stigmatic  exudates  and  other  floral  tissues,  as  well  as  visual 
and  odour  attraciants.  In  this  connection  emphasis  is  laid  on  the  secondary  adaptation 
of  the  weed  Lantana  camara  to  thrips  pollination.  Keeping  these  aspects  in  view,  the 
role  of  butterflies  and  bees  in  pollination  biology  are  highlighted,  emphasising  the 
nature  of  pollinator — flower  interactions.  Information  on  thrips-host  plant  interac- 
tions in  terms  of  succession  are  also  presented  with  reference  to  thrips  species 
inhabiting  the  same  host  as  also  to  the  blooming  periods  of  different  species  of  flowers 
in  a  given  area  indicating  that  flowering  phenology  along  with  floral  resources  plays  a 
role  in  the  maintenance  of  pollinator  population  throughout  the  year. 

I  am  thankful  to  the  Indian  Academy  of  Sciences  for  sponsoring  this  Symposium, 
held  at  the  Entomology  Research  Institute,  Loyola  College,  Madras,  as  part  of  the 
Golden  Jubilee  Celebrations  of  the  Academy. 

12  June  1984  T.  N.  ANANTHAKRISHNAN 

Convener 
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Plant-insect-fungus  association  in  some  plant  galls 

K  V  KRISHNAMURTHY 

Department  of  Botany,  Bharathidasan  University,  Tiruchirapaiii  620  023,  India 

Abstract.  In  a  number  of  plant  galls  caused  by  members  of  Diptera,  the  larval  cavity  and/or 
the  nutritive  zone  around  it  are  inhabited  by  specific  fungi.  Careful  investigations  reveal  that 
these  fungi  are  not  contaminants,  but  are  brought  by  the  gall  insect  itself.  The  fungi  appear  to 
lead  a  mutualistic  life  not  only  with  the  insect  larva  but  also  with  the  plant.  Details  regarding 
the  fungi,  and  the  nature  of  this  three-way  relationship,  although  fragmentary,  are 
summarised,  along  with  the  author's  unpublished  observations. 

Keywords.    Plant  galls;  Diptern  insects;  larval  cavity;  fungal  association. 


1.    Introduction 

Galls  are  anomalous  growths  produced  on  a  variety  of  plant  organs  by  agents  such  as 
insects,  mites,  nematodes,  bacteria,  fungi  and  viruses.  The  nature  of  the  relationship 
existing  between  the  galled  plant  and  the  causative  agent,  especially  in  insect  galls  is  a 
matter  of  continued  dispute  and  several  opinions  have  been  expressed  in  the  past  (see 
Mani  1964).  Several  insect  galls  have  been  reported  to  harbour  specific  fungi  (Batra 
and  Lichtwardt  1963)  and  the  presence  of  fungi  has  further  complicated  the  still 
uncertain  relationship  existing  between  the  plant  and  the  insect.  The  present  paper, 
therefore,  examines,  in  the  light  of  past  studies  and  on  the  basis  of  the  author's 
unpublished  observations,  the  possible  role  of  these  fungi  in  galls  and  the  nature  of  the 
relationship  that  .exists  between  the  three  organisms. 


2.    Insect  galis  with  fungal  association 

There  are  not  many  records  of  insect  galls  which  harbour  fungi.  Table  1  provides  a  list 
of  insect  genera  whose  galls  have  so  far  been  reported  to  harbour  fungi.  This  table  also 
provides  the  percentage  of  fungus-inhabited  galls  caused  by  different  insect  genera. 
The  majority  of  galls  with  fungal  inhabitation  are  caused  by  members  of  Diptera, 
especially  by  Asphondylia.  Only  very  few  galls  caused  by  homopteran  and  hy- 
menopteran  insects  harbour  fungi. 


3.    The  location  of  the  fungus  in  the  gall 

Generally,  in  dipteran  galls,  the  fungus  is  restricted  to  the  larval  cavity  and  its 
immediate  neighbourhood,  especially  in  the  inner  layers  of  the  nutritive  tissue  zone 
bordering  the  larval  cavity.  In  a  number  of  Asphondylia  galls,  the  larval  cavity  is  lined 
by  a  mat  or  palisade  of  fungal  mycelium  (figures  1  to  4)  from  which  occasional  hyphae 
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Figures  1—5.  Fungal  asscx:iation  in  the  leaf  gall  of  Asphondylia  riveae  on  Rivea  hypo- 
crater  if  ormis.  All  scanning  electron  micrographs.  1.  TS  of  gall  showing  larval  cavity.  Note  the 
fungal  mycelium  towards  the  upper  left  hand  corner  of  the  larval  cavity  ( x  35);  2.  Mat  of 
fungal  mycelium  enlarged  ( x  210);  3.  Further  enlargement  of  a  few  hyphal  threads  (  x  700); 
4.  Traversing  of  the  larval  cavity  by  occasional  fungal  hyphae  (  x  700);  5.  Surface  view  of  the 
nutritive  tissue  cells  of  the  host  plant  that  line  the  larval  cavity  showing  well-developed  pit 
fields  ( x  700). 


268  K  V  Krishnamurthy 

traverse  the  larval  cavity  (figure  4).  In  some  other  midge  galls,  such  as  the  one 
caused  by  Kiefferia  pimpinellae  on  the  flower  of  Pastinaca  silvestris,  the  fungus  is 
restricted  to  the  intercellular  spaces  between  the  nutritive  tissue  cells,  with  the  swollen 
tips  of  hyphae  slightly  projecting  into  the  larval  cavity  (figure  9  of  Meyer  1969).  The 
fungal  hyphae  traverse  to  a  greater  extent  into  the  larval  cavity  in  the  galls  of  Coccinia 
indica  caused  by  Neolasioptera  cephalandrae  and  of  One  turn  ula  caused  by  an  unknown 
midge.  Only  exceptionally,  the  mycelium  forms  an  extensive  network  occupying  the 
major  portion  of  the  larval  cavity  barring  the  area  inhabited  by  the  gall  midge  larva. 
Such  a  condition,  for  example,  has  been  reported  by  Leeuwen  (1929)  in  the  galls  of 
Symplocos  fasciculatus  caused  by  Asphondylia  bursaria. 

In  non-dipteran  insect  galls  the  location  of  the  fungus  is  nonspecific;  in  different  galls 
of  the  same  insect  the  location  of  the  fungus  varied  considerably  (see  also  Batra  and 
Lichtwardt  1963).  The  mycelial  mat  formation  around  the  larval  cavity  characteristic 
of  dipteran  galls  is  very  often  absent  in  these  galls.  The  fungus  is  also  seen  in  regions  of 
the  gall  other  than  the  larval  cavity  and  its  immediate  neighbourhood;  it  is  also  seen  in 
the  non-galled  region  of  the  galled  organ.  In  many  cases  the  entire  larval  cavity  is  filled 
with  dense  mycelial  threads. 


4.    Time  of  entry  of  the  fungus  into  the  gall  and  the  method  of  its  entry 

There  is  difference  of  opinion  regarding  (i)  the  existence  of  fungus  in  the  insect  gall 
from  the  beginning  of  gall  development  and  (ii)  the  involvement  of  the  insect  in  the 
inoculation  of  the  fungus  into  the  developing  gall  and  the  transmission  of  the  fungus 
from  one  gall  to  another. 

The  actual  time  of  entry  of  the  fungus  into  the  galls,  as  recorded  till  now,  is  presented 
in  table  2.  In  all  dipteran  galls  so  far  reported  to  possess  fungal  association,  there  are 
observational  and/or  circumstantial  evidences  for  the  presence  of  the  fungus  from  the 


Table  2.    Time  of  entry  of  the  fungus  into  the  insect  gall. 

Time  of  entry  of  fungus 
Insects  causing  galls  into  the  gall 

Asphondylia,  Kiefferia, 

Lasioptera,  Neolasioptera, 

Rhabdophaga,  Schizomyia         At  the  time  of 

and  several  undetermined         opposition 

gall-causing  midges 

(personal  observations). 

Austeromyia,  Eurosta,  Not  known,  but  probably  at  the  time  of 

Isnonyx,  Mycodiplosis  oviposition 

Pachypsylla  Very  mature  galls,  probably  after  the  exit  of  the 

insect  from  the  galls 

Colopha,  Pemphigus  Not  known,  but  probably  in  very  mature 

Acraspis,  Cynipis,  galls,  after  the  exit  of  the  insect  from 

Bucculatrix  the  galls 
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beginning  of  gall  development  and  also  for  the  fact  that  the  fungal  inoculum  is  brought 
by  the  gall-insect.  Neger,  as  early  as  1908*  made  these  observations  and  was  supported 
by  many  later  workers  (Leeuwen  1929;  Meyer  1969;  Bronner  1977;  see  also  Mani 
1964).  In  the  leaf-fold  galls  of  Rivea  hypocrateriformis  caused  by  Asphondylia  riveae, 
bits  of  fungal  mycelium  could  be  observed  along  with  the  eggs  immediately  after 
oviposition  (unpublished  observations).  In  non-dipteran  galls,  the  fungus  is  invariably 
a  late  entrant  into  the  gall  system  (see  Batra  and  Lichtwardt  1963).  In  fact,  several 
reports  of  fungal  inhabitation  in  non-dipteran  galls  pertain  to  very  old  galls,  which  have 
been  vacated  by  the  insect/adult  larva,  or  to  galls  of  the  previous  season.  The  entry  of 
fungus  is  also  facilitated  not  by  the  gall  insect  but  by  other  agents. 

It  is  disputed  whether  the  gall  insect  plays  an  active  or  passive  role  in  transmitting  the 
inoculum  into  the  developing  gall  system.  Although  Ross  (1922)  suggested  only  a 
passive  transmission  of  the  fungus  by  the  gall  insect  evidences  are  in  favour  of 
considering  this  process  as  an  active  event  (see  Bronner  1977).  The  fact  that  the  fungus 
inoculated  is  specific  to  each  gall  is  also  in  favour  of  considering  the  transmission 
process  as  an  active  one,  at  least  in  dipteran  galls. 


5.    Fungi  of  insect  galls 

Fungi  so  far  reported  to  be  present  in  dipteran  galls  all  belong  to  members  of 
deuteromycetes  (table  3).  But  fungi  reported  in  non-dipteran  galls  may  be  members  of 
deuteromycetes,  ascomycetes  or  even  phycomycetes  (see  Batra  and  Lichtwardt  1963). 
Fungi  of  dipteran  galls  are  specific  and  only  one  fungus  is  present  in  each  gall 
However,  this  is  not  true  for  non-dipteran  galls;  even  inside  a  single  gall  more  than  one 
fungus  are  often  found  (table  4). 


Table  3.    List  of  gall  insects  in  whose  galls  fungal  association  is  a  constant  feature  and 
the  fungal  species  is  constant  to  each  gall. 

Insect  Associated  fungal  genus 

Asphondylia  Any  one  of  the  following  depending  upon  the 

plant: 

Cladosporium,  Coniothyrium, 
Diplodia,  Macrophoma,  Sphaeropsis, 
and  a  few  other  Sterilia  Mycelia. 

Asteromyia  Alternaria 

Isnonyx  (  =  Asphondylia)  Sphaeropsis 

Kiefferia  ? 

Lasioptera  Cladosporiuml 

Mycodiplosis  Isaria 

Neolasioptera  Cladosporium'! 

Rhabdophaga  ? 

Schizomyia  Camarosporium  or 

Cladosporium. 
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Table  4.    Insect  genera  and  the  number  of  fungal  species  associated  with  their  gails. 

Insect  genera  Number  of  fungal  species 

Asphondylia  (excepting  A.  ratibidae)  Asteromyia 

Isnonyx,  Lasioptera  Mycodiplosis,  Neolasioptera, 

Rhabdophaga,  Schizomyia, 

Several  undetermined  midges  1 

(All  of  Diptera) 

Acraspis,  Diplolepis 

(both  of  Hymenoptera)  1 

Colopha  (Homoptera) 

Cynipis  (Hymenoptera)  2 

Asphondylia  ratibidae  (Diptera) 

Bucculatrix  (Lepidoptera)  3  or  more 

Pachypsylla,  Pemphigus 

(both  of  Homoptera) 


6.    Comparison  of  dipteran  and  non-dipteran  galls  with  fungal  inhabitation 

A  comparison  of  dipteran  and  non-dipteran  galls  with  fungal  association  revealed  the 
following  differences: 


Dipteran  galls  Non-dipteran  galls 

(i)  The  fungus  is  specific  to  each  gall  The  fungus  is  not  specific  to  each  gall 

causing  insect  causing  insect. 

(ii)  Only  one  fungus  is  associated  with  One  or  more  than  one  fungus  is  as- 
each  insect  gall  sociated  with  each  gall 
(iii)  The  fungus  is  specific  to  each  galled  The  fungus  is  not  always  specific  to  each 

plant  galled  plant, 

(iv)  The  fungus  is  present  from  the  begin-  The  fungus  is  invariably  a  late  entrant 

ning  of  gall  development  until  gall  into  the  gall  system. 

maturity 

(v)  The  fungus  is  restricted  to  the  peri-  The  fungus  is  present  in  non-specific  loci 

phery  of  the  larval  cavity  and  to  the  in  the  gall  or  may  even  be  present  in  the 

intercellular  spaces  of  the  nutritive  non-galled  region  of  the  galled  organ 

tissue  cells  surrounding  the  larval 

cavity, 

(vi)  Insect  larva  never  survives  without  Larva  without  fungus  or  fungus  without 

the  fungus  or  vice  versa  larva  are  very  often  encountered. 


7.    Nature  of  relationship  between  the  fungus  and  the  insect  in  dipteran  galls 

The  nature  of  relationship  between  the  fungus  and  the  insect  in  dipteran  galls  has  been 
the  subject  of  repeated  discussion  in  the  past,  Neger  (1908, 1910)  first  suggested  that  the 
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relationship  between  the  fungus  and  the  insect  larva  is  symbiotic  and  is  akin  to  the  type 
of  relation  existing  between  the  ambrosia  fungus  and  beetles  that  feed  on  them.  He, 
therefore,  suggested  the  name  Ambrosia  galls  for  these  galls.  This  term  was  perpetuated 
by  Leeuwen  (1929)  who  also  supported  the  theory  of  symbiosis  between  the  fungus  and 
the  gall-forming  insect  in  the  galls  of  Symplocos  fasciculata  formed  by  Asphondylia 
bursaria.  He  had  also  observed  the  feeding  of  the  larva  on  the  fungal  mycelium. 
Subsequently  Goidanich  (1940)  observed  the  larva  of  Isnonyx  pruniperda 
(  =  Asphondylia  pruniperda)  feeding  on  the  fungus  Sphaeropsis  species  in  the  bud  galls 
of  Prunus. 

In  some  dipteran  galls  without  a  well-defined  nutritive  tissue  zone,  the  latter's 
function  is  often  taken  over  by  tjie  fungal  mycelium  which  forms  a  mat  around  the 
larval  cavity  (Bronner  1977).  For  example,  in  the  gall  of  Lasioptera  rubi  the  larva  is 
reported  to  derive  its  nutrients  from  the  fungal  mycelium  (Meyer  1969;  see  also  Mani 
1964).  The  fungal  mycelium  promoted  the  growth  of  the  larva  ofSchizomyia  galiorum 
at  least  to  some  extent  in  the  in  vitro  experiments  reported  by  Meyer  (1969).  Bronner 
(1977)  had  also  cited  the  unpublished  work  of  Braun  who  maintained  the  larvae  of 
Schizomyia  galiorum  alive  for  17  days  in  vitro  on  the  mycelium  of  Camarosporium, 
although  pupation  could  not  be  observed. 

Histochemical  localisation  of  RNA,  acid  phosphatase  and  starch  was  made  by 
Bronner  (1977)  on  the  galls  of  Schizomyia  galiorum  on  the  flower  of  Galium  mullugo 
and  of  Lasioptera  rubi  on  Rubus  caesius.  He  found  high  concentrations  of  RNA  and  acid 
phosphatase  activity  at  the  place  where  the  fungal  mycelium  borders  on  to  the  larval 
cavity  and  nowhere  else.  Starch  was  also  present  in  the  mycelial  zone  and  subjacent 
region.  On  the  basis  of  these  observations  Bronner  (1977)  concluded  that  the 
histochemistry  of  the  mycelial  mat  is  similar  to  the  histochemistry  of  true  nutritive 
tissue  bordering  the  larval  cavity  of  other  dipteran  galls.  In  this  connection,  it  is  also 
pertinent  to  mention  that  a  similar  histochemicai  distinction  is  shown  by  the  fungal 
mycelium  in  the  galls  of  Coccinia  indica  caused  by  Neolasioptera  cephalandrae. 
However,  the  authors  of  this  work  on  Coccinia  (Unni  et  al  1976)  unfortunately 
misidentified  the  fungal  hyphae  as  "filamentous  ribbon  like  PAS  positive  bodies" 
present  inside  the  nutritive  tissue  cells. 

The  author  has  observed  in  several  dipteran  galls  studied  by  him  that  the  normal 
development  of  the  gall  could  be  seen  only  so  long  as  the  gall-maker  and  the  fungus 
were  seen  to  develop  together  normally.  In  other  words,  there  is  no  normal 
development  of  larva  if  the  fungus  is  absent  or  fails  to  grow  after  inoculation.  Similarly 
fungal  growth  is  absent  wherever  the  larva  had  died  precociously.  Leeuwen  (1929)  also 
came  to  a  similar  conclusion.  These  observations  negate  the  earlier  contention  of  Ross 
(1922)  that  the  midge  larva  developed  normally  even  if  the  fungus  failed  to  develop 
inside  the  gall  cavity  or  if  the  layer  was  poorly  developed  and  that  the  fungus  was  not 
absolutely  necessary  either  for  the  normal  development  of  the  gall  or  even  for  the 
development  of  the  midge  larva.  He  was  also  perhaps  wrong  to  state  that  the  fungus 
was  a  true  plant  inquiline  and  that  it  was  not  in  point  of  fact  adapted  to  the  specific  gall 
midge. 

Batra  and  Lichtwardt  (1963)  object  to  the  use  of  the  word  "ambrosia  gall"  to  a 
dipteran  gall  with  fungal  association  on  the  grounds  that  (i)  the  ambrosia  association 
lasts  throughout  the  life  cycles  of  both  partners,  and  that  (ii)  the  ambrosial  insects  have 
special  structures  on  their  body,  called  Mycangia,  for  carrying  the  fungal  inoculum 
while  the  gall  insects  have  no  such  structures.  These  two  objections  are  not  very  difficult 
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to  overrule.  A  major  part  of  the  life  cycle  of  the  gall  diptera  is  spent  on  the  galls  where 
there  is  fungal  association  from  the  beginning.  Moreover,  there  is  enough  circumstan- 
tial evidence  to  the  fact  that  the  fungal  inoculum  is  supplied  by  the  gall  insect.  So  long 
as  the  purpose  of  inoculating  the  fungus  is  served,  it  is  immaterial  whether  the  insects 
have  special  mycangia  or  not.  Therefore,  dipteran  galls  with  fungal  association  may  as 
well  be  classified  under  ambrosia  galls. 


8.    Probable  role  of  the  plant  in  this  relationship 

It  is  this  aspect  of  the  three-way  relationship  that  is  totally  unknown.  While  it  is  likely 
that  the  plant  is  the  ultimate  source  of  nutrition  to  the  insect  and  the  fungus,  it  has  not 
yet  been  categorically  established.  There  is,  however,  one  circumstantial  evidence  for 
this  viewpoint.  Extensive  primary  pit  fields  are  present  in  the  nutritive  tissue  cells  on  the 
side  wall  bordering  the  larval  cavity  and  fungal  mycelium  in  some  dipteran  galls. 
Figure  5  illustrates  this  feature  in  the  galls  ofRivea  caused  by  Asphondylia  riveae.  The 
plant  probably  provides  some  substances  which  the  insect  larva  is  not  able  to  utilize 
directly.  It  is  likely  that  the  fungus  simplifies  these  substances  to  a  form  which  can  be 
easily  utilized  by  the  larva  (see  also  Cooke  1977).  This  will  also  probably  avoid  the 
direct  browsing  and  chewing  activities  of  the  larva  on  the  nutritive  tissue  cells. 
Moreover,  during  the  evolution  of  this  type  of  continued  insect-plant  relationship,  the 
insect  larva  had  probably  lost  the  very  active  feeding  habit,  had  become  more  and  more 
sedentary  and  thus  had  to  depend  on  simplified  diet.  It  is  observed  in  many  dipteran 
galls  that  the  larval  cavity  is  not  an  empty  chamber  but  is  filled  with  a  slightly  viscous 
fluid  of  unknown  chemical  constitution,  which  is  lost  when  processed  for  microtomy 
(unpublished  observations).  However,  more  intensive  studies  are  to  be  undertaken  to 
elucidate  the  nature  of  this  three-way  relationship. 
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A  preliminary  review  of  some  interesting  aspects  of  bio-ethology  of 
the  chalcids  (Hymenoptera:  Cfaakldoldea)  associated  with  plant 
galls 

T  C  NARENDRAN 

Department  of  Zoology,  University  of  Calicut,  Calicut  673635,  India 

Abstract.  The  interactions  and  inter-relationships  between  plant  galls  and  the  chalcids  with 
them  are  often  extremely  intricate  and  it  is  not  easy  always  to  assess  correctly  a  given  species  as 
a  gall  former  or  an  inquiline  or  a  parasite  of  another  inhabitant  of  a  gall.  The  chalcids  show 
complex  inter-relationships  with  other  inhabitants  of  a  gall  in  many  instances.  The  existence 
of  both  phytophagy  and  entomophagy  in  the  same  species  or  in  the  same  individual  is  an 
interesting  phenomenon  met  with  in  some  species  of  chalcids  associated  with  plant  galls.  The 
host-finding  and  host-acceptance  behaviour  of  some  of  the  gall-chalcids  are  other  interesting 
aspects  discussed. 

Keywords.    Phytophagy;  entomophagy;  host-finding;  plant  galls;  chalcids. 


1.    Introduction 

The  superfamily  Chalcidoidea  constitutes  one  of  the  most  economically  important 
groups  of  Hymenoptera.  It  comprises  several  thousands  of  species  contained  in  more 
than  2100  genera.  The  chalcids  vary  widely  in  size  from  0*25  mm  to  more  than  15  mm 
in  length.  They  have  diverse  host  relationships  and  marvellous  dietary  specialisations. 
While  the  majority  of  chalcids  are  entomophagous  in  habit,  some  are  undoubtedly 
phytophagous.  A  few  of  the  chalcids  are  interestingly  phytophagous  as  well  as 
entomophagous  too.  Many  chalcids  are  associated  either  directly  or  indirectly  with 
plant  galls.  However  the  exact  nature  of  inter-relationship  between  a  given  species  of 
chalcids  and  the  plant  galls  associated  with  it,  is  often  very  difficult  to  study  since  many 
of  these  chalcids  have  very  intricate  and  complex  host  relationships. 


2.    Review 

Among  the  16  families  of  Chalcidoidea,  11  are  associated  either  directly  or  indirectly 
with  plant  galls  (Narendran  1983).  Among  these  1 1  families  (table  1),  Agaonidae  which 
comprises  42  genera  (Noyes  1978),  is  perhaps  the  only  family  which  is  completely 
associated  with  plant  galls.  The  agaonids  are  commonly  known  as  "fig  wasps". 
According  to  Wiebes  (1979,  1982a,  b)  the  ecology  of  fig  wasps  is  for  greater  part  the 
ecology  of  fig  flowers  and  there  is  only  one  biogeography  for  both.  No  fig  wasp  can 
propagate  outside  figs  and  no  fig  can  thrive  without  the  specific  fig  wasps  (Wiebes  1979, 
1982a,  b).  Thus  the  fig  and  the  fig  wasp  are  believed  to  have  evolved  together.  Related 
figs  have  related  pollinators  and  both  groups  probably  descended  from  a  common 
ancestor  fig  and  its  pollinator  wasp.  However  the  existence  of  two  species  of  agaonids 
in  the  receptacles  of  the  same  species  of  Ficus  as  reported  by  some  authors  (Joseph 
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Table  1.    The  number  of  genera  of  chalcids  associated  with  plant  galls. 


Family 

Total  number 
of  genera 

Genera  associated 
with  plant  galls 

Percentage 

Agaonidae 

42 

42 

100 

Torymidae 

104 

33 

31-73 

Eurytomidae 

77 

14 

18-18 

Pteromalidae 

560 

50 

8-93 

Eulophidae 

325 

22 

6-77 

Eupelmidae 

71 

7 

9-90 

Encyrtidae 

513 

10 

1-95 

Aphelhiidae 

48 

2 

4-17 

Mymaridae 

95 

2? 

2.11? 

Trichogrammatidae 

70 

3? 

4-29? 

Chalcididae 

115 

1 

0-87 

Leucospidae 

4 

0 

0 

Elasmidae 

8 

0 

0 

Eucharitidae 

55 

0 

0 

Tetracampidae 

13 

0 

0 

Signiphoridae 

6 

0 

0 

Total 

2106 

186 

8-83 

1953,  1954;  Wiebes  1964),  makes  the  acceptance  of  the  theory  with  some  reservation 
(Wiebes  1964). 

The  family  Torymidae  was  referred  in  the  past  as  Callimomidae.  It  forms  an 
extensive  family  which  include  forms  of  diverse  structures  and  habits  including  both 
phytophagous  and  parasitic  forms.  The  family  contains  more  than  100  genera  and 
among  these,  33  genera  are  associated  either  firmly  or  loosely  with  plant  galls.  The 
family  Eurytomidae  comprises  many  species  which  are  parasitic  upon  various  insects, 
chiefly  gall  formers.  However  quite  a  few  eurytomids  are  phytophagous,  developing  in  the 
seeds  of  various  plants  and  in  the  grass  stems,  where  some  like  the  genus  Tetramesa  make 
distinctive  galls  (Peck  1963;  Boucek  1964).  The  family  Eurytomidae  contains  more  than 
75  genera  and  out  of  these,  14  genera  contains  species  associated  with  galls  of  plants.  The 
family  Pteromalidae  is  the  largest  family  of  Chalcidoidea  and  it  has  been  stated  that 
this  family  is  perhaps  one  of  the  most  difficult  groups  of  Hymenoptera  to  study 
taxonomfcally  (Prinsloo  1980).  The  great  majority  of  pteromalids  are  primary  or 
secondary  parasitoids  attacking  a  large  range  of  insects  including  some  plant  gall 
inhabitants,  in  their  various  stages  of  development.  A  few  pteromalids  like 
Asparagobius  braunsi  (which  make  galls  on  the  stems  of  Asparagus  stricta), 
Odontofroggatia  galili  Wiebes  (which  causes  galls  on  Ficus  microcarpa  L.),  Hemadas 
nubilipennis  (Ashmead)  (which  causes  hard  wood  galls  on  the  stems  of  Vaccinium)  etc., 
are  true  gall  inducers  (Gahan  and  Ferriere  1947;  Galil  and  Copland  1981;  Prinsloo 
1980).  The  family  Pteromalidae  comprises  560  genera  at  present  and  of  these,  50  genera 
contain  species  associated  with  plant  galls.  The  family  Eulophidae  is  another  extensive 
and  complex  family  of  Chalcidoidea.  It  contains  325  genera  of  which  only  22  are 
associated  with  galls  of  plants.  Most  of  these  eulophids  associated  with  plant  galls  are 
parasitic  on  other  gall  formers  or  inquilines.  However  some  members  such  as 
Tetrastichus  cecidophagus  W.,  T.  ardisiae  Ishi  etc  are  gall  inducers  (Ishi  1931;  Wanberg 
1977).  The  members  of  the  family  Encyrtidae  are  primary  or  secondary  endo- 
parasitoids  of  insects  (mostly  coccids)  and  also  arachnids,  with  a  preference  for  larval 
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stages  of  their  hosts,  although  the  eggs  and  very  rarely  the  adults  are  also  parasitised 
(Prinsloo  1980).  Though  this  family  comprises  more  than  510  genera,  only  10  of  them 
contain  species  associated  with  plant  galls  and  even  in  these  most  of  the  species  are  very 
loosely  associated  with  the  galls.  Eupelmidae  is  one  of  the  widely  distributed  families  of 
Chalcidoidea.  This  family  comprises  71  genera  of  which  7  are  reported  to  contain 
species  associated  with  plant  galls.  While  the  majority  of  species  associated  with  plant 
galls  are  parasitic  on  other  gall  inhabitants,  a  few  are  gall  inducers  also.  According  to 
Burks  (1979)  all  the  species  of  the  eupelmid  subfamily  Tanostigmatinae  with  the 
exception  of  one,  are  known  to  be  gall  formers.  Most  members  of  the  family 
Aphelinidae  are  not  associated  with  plant  galls.  However  genera  like  Aphelinus  and 
Protoaphelinus  contains  species  indirectly  associated  with  plant  galls  of  aphids, 
cecidomyiids  and  psyllids.  The  family  Mymaridae  includes  very  tiny  chalcids  which 
include  some  of  the  smallest  insects  known.  Almost  all  members  of  this  family  are 
parasites  in  the  eggs  of  other  insects  with  the  exception  of  a  few  which  parasitises  other 
stages  of  coccids,  aleurodids,  etc.  There  are  a  few  reported  cases  (Subba  Rao  1976; 
Smith  1970;  NikoPskaya  1952)  of  mymarids  associating  with  plant  galls  either  directly 
or  indirectly.  According  to  Boucek  (in  personal  communication  with  the  author  in 
1982)  it  is  very  improbable  that  mymarids  are  associated  with  plant  galls  and  these 
reported  cases  may  be  taken  with  reservation.  The  same  opinion  may  be  also  applicable 
to  the  family  Trichogrammatidae  since  the  trichogrammatids  are  also  somewhat 
similar  to  mymarids  in  parasitising  eggs  of  insects  etc.  The  family  Chalcididae 
comprises  species  which  are  primary  or  secondary  parasites  of  larvae  or  pupae  of  a 
large  number  of  species  of  insects  mostly  belonging  to  Lepidoptera  and  Diptera.  There 
is  only  a  single  reliable  record  (Boucek  1982)  where  it  is  reported  that  a  species  viz. 
Hockeria  tamaricis  Boucek  has  been  reared  from  the  galls  of  Amblypalpis  olivierella 
Ragonot  (Lepidoptera)  on  Tamarix. 

Most  species  of  chalcids  are  entomophagous  and  a  few  are  parasitic  on  other 
arthropods  and  a  few  others  have  reverted  to  phytophagy  (NikoFskaya  1952). 
According  to  Nikol'skaya  (1952)  "our  present  knowledge  of  chalcid  biology  is  such 
that  we  are  able  to  draw  up  a  scheme  illustrating  the  transformations  from  a 
predacious  habit  to  various  parasitism,  and  from  entomophagy  to  phytophagy". 
Regarding  fhe  origin  of  phytophagy  in  chalcidoidea  there  is  unanimous  opinion 
among  chalcidologists  that  it  evolved  completely  independently  in  several  families 
associated  with  parasitism  of  various  species  on  gall  inducers  or  seed-eaters.  According 
to  Gordh  (1979)  phytophagy  probably  has  evolved  several  times  in  Chalcidoidea 
because  it  is  seen  in  several  distantly  related  taxa  and  many  unrelated  species  of  plants 
which  serve  as  hosts.  According  to  the  same  author  phytophagy  in  chalcids  is  found 
most  frequently  with  gall  forming  habits  but  the  evolutionary  significance  of  this 
observation  remain  unknown.  A  change  from  entomophagy  to  phytophagy  can  be 
observed  in  several  species  of  chalcids.  According  to  Grissel  (1976)  in  the  genus 
Torymus  several  species  have  been  reported  to  eat  the  plant  tissue  after  the  host  larva  of 
the  gall  is  consumed.  Philips  (1927)  gave  an  interesting  account  on  the  eurytomid 
species  Eurytoma  parva  Girault  developing  on  a  mixed  diet.  This  interesting  American 
species  lays  its  eggs  into  the  gall  of  another  eurytomid  Tetramesa  tritici  (Fitch)  which 
makes  galls  in  the  stems  of  wheat.  When  the  parasite  E.  parva  hatches,  it  first  attacks 
and  devours  the  young  larva  of  Tetramesa  tritici  inside  its  gall.  When  the  host  larva  is 
completely  consumed  by  the  parasite,  it  shifts  its  feeding  to  the  plant  sap.  It  is  reported 
that  (Clausen  1940)  there  is  considerable  laceration  of  the  gall  tissue  by  the  parasite  E. 
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parva  which  is  probably  more  than  that  would  have  been  done  by  its  host.  Philips 
(1927)  reported  that  in  experimental  conditions  E.  parva  could  develop  quite  normally 
on  a  vegetable  diet.  According  to  the  same  author  the  larva  of  E.  parva  is  in  a  highly 
plastic  or  adaptive  condition  and  it  is  in  the  process  of  changing  over  from  parasitism  to 
phytophagy  while  as  yet  entirely  dependent  upon  T.  tritici  for  the  stimulus  leading  to 
oviposition.  The  dietary  habits  of  Eurytoma  inquilina  Rim-Kors.  and  Eurytoma 
brevitergis  Bugbee  are  also  reported  to  be  similar  to  that  of  Eurytoma  parva  (Rimskii- 
Korsakov  1914;  Wanberg  1977).  Puzanova-Malysheva  (1930)  reported  that  the  female 
torymid  Syntomaspis  eurytomae  Puz.-Mal.  deposits  its  eggs  into  blackthorn  fruits 
containing  young  almond  seed-eater  larvae  of  Eurytoma  amygdali  End.  After  killing 
the  larvae  of  E.  amygdali  the  parasite  turns  to  feed  on  the  seed.  According  to 
Chernoponevkina  (1949)  the  species  Liodontomerus perplexus  Gah.  usually  parasitises 
the  larvae  of  clover  and  sainfoin  seed-eaters  but  often  changes  its  diet  to  plant  tissue, 
under  certain  conditions,  after  destroying  the  young  seed-eater  larvae.  Another 
torymid  species  Torymus  aea  (Walker)  (reported  as  amelanchieris  (Cushman))  has 
been  shown  to  develop  on  the  host  larva  as  well  as  phytophagously  in  surrounding 
plant  tissue  (Milliron  1949).  T.  aucupariae  (Rodzianko)  is  believed  to  have  similar 
habits  (Milliron  1949)  as  those  of  T.  aea.  In  contrast  to  the  above  type  of  dietary 
habits,  in  some  other  chalcids  like  the  torymid  Syntomaspis  cyanea  (Boh.)  a  different 
type  of  dietary  habit  can  be  seen.  This  torymid  lays  its  eggs  singly  in  young  galls  of 
Cynips  divisa  and  C.  longiventris  when  these  hosts  are  about  2  mm  in  diameter.  The 
Cynips  larva,  which  is  usually  in  its  first  instar  is  not  stung  or  paralysed  by  the 
ovipositing  female  S.  cyanea.  The  two  larvae  live  alongside  feeding  the  gall  tissue  for 
some  time.  However  the  torymid  larva  grows  rapidly  feeding  on  the  tissue  of  the  gall 
and  when  it  is  half  grown  the  Cynips  larva  is  apparently  eaten  by  the  torymid  (Askew 
1961a).  Another  type  of  behaviour  is  seen  in  the  cleptoparasitic  torymids.  According  to 
Joseph  (1957,  1958,  1959)  Philotrypesis  caricae  (L.)  is  a  cleptoparasite  of  Blastophaga 
psenes  (L.).  The  larva  of  P.  caricae  is  phytophagous  in  the  fig  galls  of  Ficus  carica  and 
when  it  reaches  its  second  instar,  it  destroys  the  Blastophaga  larva  by  more  active 
feeding.  Abdurahiman  and  Joseph  (1978)  have  shown  that  the  torymids  viz 
Philotrypesis  pilosa  Mayr  and  Apocrypta  backeri  Joseph  are  cleptoparasitic  on  the 
agaonid  larvae  of  Ceratosolen  marchali  Mayr  in  the  galls  of  Ficus  hispida  (L.). 
According  to  them  when  the  amount  of  food  in  the  Ficus  ovary  diminishes  due  to  active 
feeding  by  the  agaonid  and  torymid,  the  available  and  remaining  food  is  more  actively 
eaten  by  the  torymid  larva.  When  the  whole  of  the  available  food  in  the  fig  ovary  is 
exhausted  by  this  competitive  feeding,  the  torymid  is  believed  to  be  probably  killing  the 
agaonid  host. 

Among  the  various  plant  galls,  Oak  (Quercus)  galls  caused  by  Cynipid  wasps 
perhaps  form  hosts  to  the  greatest  number  of  species.  Rearing  of  the  inhabitants  of 
Cynipid  oak  galls  has  been  of  popular  interest  among  entomologists  particularly  in  the 
begining  of  20th  century  (Askew  1961b).  However,  mainly  because  of  the  difficulty 
involved  in  correctly  identifying  many  of  the  inhabitants  of  these  galls  (particularly 
Chalcidoidea)  many  entomologists  could  not  pursue  their  investigations  further  on  the 
biology  of  oak  gall  inhabitants.  Recently  Blair  (1944,  1946)  and  Askew  (1961-1965) 
did  commendable  work  on  the  biology  of  Oak  gall  inhabitants.  Blair  (1944)  stated  that 
the  larva  of  Eurytoma  rosae  Nees  is  a  predator  rather  than  a  parasite  since  each 
Eurytoma  larva  usually  consumes  more  than  one  host  larva  in  the  rose  gall  of  Diplolepis 
rosae  (L.).  According  to  Askew  (1961b)  similar  habit  has  also  been  noticed  in  a  few 
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other  chalcidoid  species  of  oak  galls  and  it  is  thought  best  to  avoid  unnecessary 
complications  by  not  using  the  term  predator.  The  inter-relations  between  the 
inhabitants  of  Oak  galls  are  often  very  complex  and  Askew  gave  an  excellent  account 
on  them  including  diagrams  illustrating  the  inter-relationships  of  the  inhabitants  of  a 
large  number  of  oak  galls  (figure  1). 

The  host-finding  habits  of  chalcids,  particularly  chalcids  associated  with  plant  galls 
is  an  interesting  and  worthy  field  of  investigation  since  no  detailed  work  on  this  aspect 
has  been  done.  According  to  Noyes  (1982)  the  main  reason  for  entomologist's  distaste 
for  chalcids  is  that  most  species  they  are  likely  to  encounter  are  less  than  2  mm  in  length 
and  in  turn  this  has  led  to  the  belief  that  chalcids  are  extremely  difficult  to  study.  Askew 
(1961c)  observed  that  when  a  female  Mesopolobus  (Pteromalidae)  walks  over  the  leaves 
of  oak  bearing  Cynipid  galls,  she  seems  to  be  unaware  of  the  presence  of  the  galls  until 
she  passes  within  about  4  mm  of  a  gall  and  then  suddenly  she  deviates  from  her  original 
course  and  walks  directly  to  the  gall.  According  to  the  same  author  the  female 
Mesopolobus  is  attracted  to  the  gall  by  the  visual  sense  when  it  is  within  the  short  4  mm 
range  of  its  gall  Askew  (1961c)  concluded  from  his  experiments  that  olfactory  sense 
plays  little  or  no  part  in  attracting  the  female  Mesopolobus  to  host  galls  though  the  galls 
are  probably  distinguished  from  other  objects  by  antennal  chemoreception.  Varley 
(1941)  has  shown  that  Eurytoma  curia  Walker  which  attacks  the  trypetid  fly  Urophora 
jaceana  Hering  living  in  the  flower  heads  of  black  knapweed  (Centaurea  nigra  L.), 
recognises  the  flower  heads  as  objects  of  special  significance,  probably  by  visual  sense 
as  well  as  by  olfactory  sense.  Several  workers  (Ullyet  1936;  Edwards  1954,  1955; 
Schneider  1939, 1940;  Laing  1937;  Narendran  1975)  have  reported  that  the  chalcids  in 
their  search,  were  not  in  a  position  to  notice  their  hosts  from  great  distances  and  in 
general  had  to  fly  randomly  till  they  reached  within  a  particular  distance  from  the  host. 
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Figure  1.    The  inter-relationships  of  the  inhabitants  of  a  Cynips  divisa  gall  (after  Askew 
1961,  partly  modified). 
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When  once  they  reached  this  particular  observation  field  by  chance  encounter,  then  the 
olfactory  as  well  as  optical  senses  helped  them  to  find  their  hosts.  When  a  chalcid 
locates  its  gall,  the  suitability  of  the  gall  is  tested  probably  by  the  antenna  and 
ovipositor.  The  implication  of  antenna  and  ovipositor  as  agents  helping  host  detection 
has  a  long  history  of  random  observations  but  there  is  insufficient  critical  experimental 
work  to  establish  their  precise  function  (Fisher  1971).  This  is  especially  so  in  the  case  of 
chalcids  associated  with  plant  galls.  It  is  reported  (Askew  1961c)  that  when  a  female 
Mesopolobus  encountered  its  gall  or  an  object  resembling  its  gall,  she  repeatedly 
examined  the  surface  by  drumming  with  her  antennae.  It  has  been  shown  that  galls  are 
distinguished  from  other  objects  by  the  female  Mesopolobus  by  antennal  chemorecep- 
tors.  After  the  primary  selection  of  the  gall  by  the  female  Mesopolobus  using  her 
antennae,  she  inserted  her  ovipositor  into  the  gall  and  if  a  larva  of  the  host  was  present, 
she  stung  it  with  her  ovipositor.  According  to  Askew  (1961c)  the  sense  organs  of  the 
ovipositor  must  have  helped  the  female  Mesopolobus  to  detect  her  host  larva  inside 
the  gall.  Askew  (1961c)  also  stated  that  "A  gall's  form,  time  of  growth  and  position  on  the 
tree  determine  its  liability  to  be  attacked  by  a  given  species  of  Mesopolobus".  Joseph 
(1958)  observed  that  olfactory  sense  perceived  by  the  antennae  of  Philotrypesis  caricae 
was  responsible  for  the  preliminary  selection  of  a  suitable  spot  for  oviposition  across 
the  fig  into  a  fig  ovary  in  which  Blastophaga psenes  had  already  oviposited.  According 
to  the  same  author,  the  chemoreceptor  sensillae  of  the  ovipositor  of  P.  caricae 
probably  helped  it  to  detect  the  secretion  of  the  agaonid  B.  psenes  inside  the  Ficus 
ovary.  In  other  chalcids  which  are  not  associated  with  plant  galls,  there  are  several 
reports  showing  that  the  primary  selection  of  the  host  is  made  by  the  antennae  and  the 
final  suitability  or  acceptance  of  the  host  is  tested  by  the  ovipositor. 


3.    Conclusion 

From  the  above  review  the  following  conclusions  can  be  postulated:  Among  the  16 
families  of  Chalcidoidea,  about  1 1  are  associated  with  plant  galls.  Phytophagy  in 
Chalcidoidea  evolved  completely  independently  in  several  families.  The  chalcids  fly 
randomly  in  the  beginning  in  their  search  for  galls  and  during  this  random  search  if 
they  come  within  a  particular  distance  from  the  gall  (this  distance  varies  from  species  to 
species),  they  find  their  particular  gall  either  by  visual  sense  or  by  olfactory  sense  or  by 
both  visual  and  olfactory  senses.  The  primary  selection  of  the  gall  is  made  by  the 
antennae  and  the  final  acceptance  or  suitability  of  the  host  is  tested  by  ovipositor. 
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Abstract.  The  active  substance,  cecidogen  secreted  from  the  saliva  of  gall  midge  larva  and  the 
larval  feeding  on  the  meristematic  tissue  of  terminal  and  auxiliary  shoot  apices  in  rice  plant  are 
responsible  for  gall  formation  (silver-shoot)  in  rice.  Gall  midge  occurs  in  many  of  the  rice 
growing  areas  and  causes  considerable  yield  loss  even  up  to  70  %  in  kharif  crop.  Many  resistant 
varieties  are  being  cultivated'  but  the  occurrence  of  biotypic  variation  of  the  insect  limits  their 
extensive  use.  Integrating  chemical  and  genetic  resistance  appeared  feasible  to  check  the  pest. 
Seasonal  occurrence,  host  variation,  resistance  mechanism,  biological,  cultural  and  chemical 
control  methods  are  reviewed  and  future  lines  of  research  on  this  important  pest  have  also  been 
discussed. 

Keywords:    Rice  gall  midge;  biotype;  resistance  mechanism;  control  methods. 


1.    Introduction 

Feeding  of  Orseolia  oryzae  (Wood-Mason)  larva,  upon  the  meristematic  tissues  of  the 
growing  terminal  or  auxiliary  shoot  apices  of  the  rice  plant,  produces  gall.  The  rice  gall 
formation  results  from  the  suppression  of  leaf  primordial  differentiation  at  the  growth 
cone  and  the  development  of  the  radial  ridges  from  the  inner  most  leaf  primordium 
followed  by  the  elongation  of  the  leaf  sheath  (Perara  and  Fernando  1970;  Hidaka  1974; 
Kalode  1980;  Chiu-Shin-Foon  1980).  The  ridge  of  the  tissue  grows  and  fuses  forming 
the  primordial  gall  that  encloses  the  first  instar  0.  oryzae  maggot.  It  is  suspected  that  the 
feeding  by  the  maggot  and  irritation  on  the  attacked  portion  (meristematic  tissue)  are 
responsible  for  gall  formation  (Reddy  1967).  The  salivary  secretion  of  the  larva  contains 
an  active  substance  called  cecidogen  which  causes  abnormal  proliferation  of  cells  at  the 
site  of  feeding  (Chiu-Shin-Foon  1980).  The  gall  elongates  in  correspondence  with  the 
larval  development  and  when  the  visible  gall  midge  attack,  symptom  known  as  'silver 
shoot'  appears,  the  insect  is  in  the  pupal  stage  and  ready  for  emergence.  The  length  and 
size  of  the  gall  varies  with  the  age  of  the  plant  or  the  sex  of  the  pupa  it  contains.  The 
silver  shoot  with  parasitised  maggot  is  bigger  in  diameter  and  appears  later  than  the 
silver  shoot  with  unparasitized  midge. 

Gall  midge  occurs  as  a  pest  in  many  parts  of  Asia  (Bangladesh,  Burma,  Cambodia, 
China,  India,  Indonesia,  Laos,  Nepal,  Pakistan,  Papua,  Sri  Lanka,  Thailand  and 
Vietnam)  (Heinrichs  and  Pathak  1981)  and  in  Africa.  In  India,  it  is  reported  to  occur  in 
Assam,  Andhra  Pradesh,  Bihar,  Karnataka,  Kerala,  Maharashtra,  Manipur,  Madhya 
Pradesh,  Tamil  Nadu  and  parts  of  Uttar  Pradesh  and  West  Bengal  (Mathur  and 
Rajamani  1979).  Though  gall  midge  is  primarily  considered  as  a  pest  of  wetland 
(lowland)  irrigated  rice  (Anonymous  1981;  Heinrichs  and  Pathak  1981)  it  has  been 
reported  to  occur  in  dryland  rice  in  China  (Li  and  Chiu  1951)  and  in  deep  water  rice.  In 
India,  usually  it  occurs  as  a  pest  during  the  wet  season,  but  it  has  also  been  observed  to 
occur  during  the  winter  season  and  progressively  increasing  in  incidence  (Kalode  and 
Kasiviswanathan  1976).  Although  gall  formation  usually  occurs  during  the  vegetative 
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(tillering)  period  of  the  plant,  galls  are  occasionally  seen  during  flowering  stages 
(Rajamani  et  al  1979)  and  on  parts  of  the  panicles  (reproductive  shoot  apices,  Fernando 
cited  by  Hidaka  1974).  The  rice  plants  do  not  bear  panicles  when  attacked  during 
vegetative  phase.  The  panicles  are  not  able  to  come  out  of  the  boot  leaf  or  are  highly 
deformed  when  the  plant  is  attacked  in  reproductive  phase. 

Depending  on  the  severity  of  attack,  the  yield  loss  ranges  between  3  and  70  %  and 
complete  yield  loss  is  not  uncommon  in  highly  susceptible  varieties  in  certain  years 
(Chatterji  et  al  1976).  Profuse  tillering  occurs  under  early  infestation  but  the  new  tillers 
too  often  become  infested.  It  has  been  estimated  that  every  unit  per  cent  increase  in  gall 
midge  incidence  enhances  the  yield  loss  by  0.4  to  0.5%  (Reddy  1967;  Hidaka  1974; 
Premchand  and  Acharya  1982). 


2.    Breeding  and  biotype 

Field  screening  for  resistance  to  gall  midge  was  initiated  as  early  as  1950  (Reddy  1967). 
Several  resistant  donors  were  identified  from  the  National  Germplasm  Collection, 
However  only  a  few  of  them  i.e.  Eswarakora,  W  1263,  Ptb.  10,  Ptb.  18,  Ptb.  21,  Siam  29, 
Leuang  152  and  OB  677  were  utilised  for  resistance  breeding  as  these  donors  possessed 
higher  and  consistant  resistance  to  gall  midge  and  moderate  resistance  to  other  pests 
too.  As  a  result  of  active  breeding  programme,  six  resistant  varieties,  Shakti  and  Samalei 
in  Orissa,  Kakatiya,  Surekha  and  Phalguna  in  Andhra  Pradesh  and  Vikram  in 
Karnataka  were  released  for  general  cultivation  (Seshu  et  al  1974;  Roy  et  al  1978; 
Mathur  and  Rajamani  1979;  Kalode  1980)  and  several  other  materials  are  in  advanced 
testing  and  pre-release  stage. 

Susceptibility  of  such  resistant  varieties  in  certain  localities  has  also  been  reported 
(Pathak  and  Heinrichs  1981;  Venugopala  Rao  et  al  1982),  indicating  the  selection  of 
new  biotypes.  In  fact  biotype  occurrence  was  suspected  much  earlier  even  when  the 
screening  varieties  for  gall  midge  resistance  was  undertaken.  Khan  and  Murty  (1955) 
for  the  first  time  reported  that  some  varieties  were  recorded  to  be  less  susceptible  in 
Andhra  Pradesh,  contrary  to  the  observations  made  by  Israel  and  Vedamoorthi  (1953) 
at  Cuttack  in  the  state  of  Orissa.  Subsequently  varietal  reaction  in  terms  of  severity  of 
the  incidence  in  some  gall  midge  resistant  varieties  were  observed  in  the  states  of 
Andhra  Pradesh  and  Orissa  (Shastry  et  al  1972)  and  even  within  the  state  of  Orissa 
(Roy  et  al  1969, 1971;  Chatterji  et  al  1975).  Later  Panda  (1978)  noticed  that  Shakti,  the 
resistant  variety  released  in  Orissa,  had  high  incidence  of  gall  midge  in  certain  parts  of 
Orissa.  He  attributed  this  to  either  breakdown  of  resistance  due  to  high  population 
pressure  prevailing  in  this  location  or  occurrence  of  biotype.  Recently  increased 
incidence  of  gall  midge  in  Ptb  group  under  field  condition  was  also  observed  at  Cuttack 
(Rajamani  and  Mathur  1981). 

The  coordinated  gall  midge  biotype  study  conducted  at  various  centres  in  India 
confirmed  the  existence  of  biotypes  which  were  classified  as  Andhra  Pradesh,  Orissa, 
Madhya  Pradesh  and  Manipur  (Kalode  1980)  and  Bihar  biotypes  (Shaw  et  al  1981). 
Since  the  Bihar  biotype  differed  only  in  one  reaction  as  compared  to  Thailand  biotype 
(Eswarakora  being  resistant  in  Thailand  and  moderately  resistant  in  Bihar  (Ranchi)) 
Rajamani  and  Mathur  (1981)  suggested  that  for  biotypic  studies  the  classification 
should  be  based  on  resistance  or  susceptibility  and  not  intermediate  reactions  which 
will  create  difficulties  in  the  nomenclature.  Similarly  the  results  of  International  Rice 


Orseolia  in  rice 


285 


Testing  Programme  (Anonymous  1981)  also  indicated  eight  biotypes  of  gall  midge 
which  were  named  as  China,  India  (AP),  India  (Bihar),  India  (Orissa),  India  (Raipur), 
Indonesia,  Sri  Lanka  and  Thailand  biotypes  (table  1). 

Biotype  of  an  organism  is  similar  in  their  morphology  and  differ  only  in  their 
physiological  ability  to  damage  particular  resistant  varieties.  However,  morphological 
variations  in  gall  midge  collected  from  different  geographical  regions  were  reported 
(Hidaka  et  al  1911  \  Hidaka  and  Ya-Klai  1979).  Recently,  it  has  been  reported  that  the 
African  midge  is  a  distinctly  different  species  of 'Orseolia  (Harris  and  Gagne  1982).  This 
suggests  the  need  of  further  taxonomic  studies  on  rice  gall  midges  in  different  localities. 


Table  1.    Gall  midge  biotype  classification  by  varietal  reaction  (Anonymous  1981). 


Biotype 


Reaction 


China  biotype 


Indonesia  biotype 


Thailand  biotype 


Sri  Lanka  biotype 
India  (Raipur  biotype) 


India  (Andhra  Pradesh 
biotype) 

India  (Orissa  biotype) 


India 

(Bihar  biotype) 


Andhra  biotype 
Madurai  biotype 
Raipur  biotype 

Orissa  biotype 

Bihar,  Manipur 
biotype 


Eswarakora,  Leuang  152  and  OB  677  derivatives  resistant 

Siam  29  derivatives  moderately  resistant 

Muey  Nawng  62  M  and  Ptb  derivatives  susceptible 

Leuang  152,  Siam  29,  Muey  Nawng  62  M  and  OB  677 
derivatives  resistant 
Eswarakora  and  Ptb  derivatives 
susceptible 

Eswarakora  derivatives  resistant 

Muey  Nawng  moderately  resistant 

Leuang   152,   Ptb,  Siam  29  and  OB  677   derivatives 

susceptible 

Leuang  152,  Ptb,  Siam  29  and  OB  677  derivatives  resistant 

Leuang  152,  Eswarakora,  Siam  29  and  OB  677  derivatives 

resistant 

Ptb  derivatives  and  Muey  Nawng  62  M  susceptible 

Leuang  152,  Ptb,  Eswarakora,  Siam  29, 
and  OB  677  derivatives  resistant 
Muey  Nawng  62  M  susceptible 

Leuang  152,  Ptb,  Siam  29  and  OB  677 
derivatives  resistant 

Muey  Nawng  62  M  moderately  resistant 
Eswarakora  derivatives  susceptible 

Eswarakora  derivatives  moderately 

resistant 

Leuang  152,  Ptb,  Siam  29,  Muey  Nawng 

62  M  and  OB  677  derivatives  susceptible 

Gall  midge  biotype  in  India  (AICRIP  1982) 

Siam  29,  Leuang  152,  Ptb  and  Eswarakora  derivatives 
resistant 


Eswarakora  derivatives  susceptible,  others  resistant 

Siam  29,  Leuang   152  derivatives  susceptible,   others 
resistant 
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Biotypic  variation  had  made  the  rice  improvement  programme  a  bit  complex  and 
difficult.  Information  on  how  soon  a  biotype  selection  takes  place  is  lacking. 


3.    Inheritance  of  resistance 

Contradicting  reports  on  the  inheritance  of  resistance  are  available.  Crosses  made  with 
W  1263  and  IR  8  and  Ptb  21  x  IR  8  indicated  that  two  genes  were  responsible  in  the 
former  cross  and  four  genes  in  the  latter  cross  (Narasimha  Rao  1970;  Shastry  et  al  1 972). 
In  addition,  susceptibility  is  inhibited  by  one  dominant  inhibitor  gene.  However,  later 
workers  did  not  find  any  inhibitory  gene  over  susceptibility  (Sastri  and  Prakasa  Rao 
1973;  Sastri  et  al  1975, 1976).  Only  one  dominant  gene  governing  resistance  has  been 
reported  (Satyanarayanaiah  and  Reddy  1972;  Venkataswamy  1974).  Even  cytoplasmic 
influence  in  the  expression  of  resistance  was  reported  (Prasad  et  al  1975). 

Hidaka  (1974)  observed  environmental  influence  in  crosses  with  W  1263  and  Muey 
Nawng  62  M  in  Thailand  which  indicates  that  apparently  no  true  resistant  variety  exists 
in  that  region.  Genetics  of  resistance  in  case  of  many  resistant  varieties  has  to  be  taken 
up  in  view  of  the  biotypic  variations  in  many  regions. 


4.    Mechanism  of  resistance 

Earlier  workers  attributed  morphological  characters,  purple  colour,  scent  possessed  by 
the  varieties  (CRRI 1953;  Israel  et  al  1961)  and  hairiness  in  the  leaves  (Krishnamoorthy 
Rao  and  Krishnamoorthy  1974;  Venkatasamy  1966)  to  the  resistance  of  rice  varieties  to 
gall  midge.  Israel  et  al  (1964)  observed  increased  presence  of  lignified  sclerenchymatous 
patches  below  the  epidermis  in  the  leaf  sheaths  of  resistant  varieties  as  compared  to  the 
susceptible  ones.  In  addition,  Rao  et  al  (1971)  reported  that  the  resistant  cultivars  are 
characterized  by  compact  leaf  sheaths  which  prevent  entry  of  newly  hatched  maggot  to 
the  feeding  primordium.  However,  later  studies  confirmed  that  the  hairiness  or  physical 
characters  have  little  relation  with  resistance,  as  there  was  no  ovipositional  preference 
among  the  varieties  and  the  earlier  mentioned  characters  offer  no  resistance  to  the  entry 
of  newly  hatched  maggots  into  the  host  tissue  (Modder  and  Alagoda  1972;  Shastry  et  al 
1972;  Prakasa  Rao  1972;  Hidaka  et  al  1974;  Kalode  1980).  The  nature  of  resistance  that 
operates  in  rice  varieties  to  gall  midge  is  now  considered  to  be  due  to  antibiosis 
(AICRIP  1969;  Narasimha  Rao  1970;  Prakasa  Rao  1971;  Fernando  1972;  Pongprasert 
et  al  1972;  Kalode  et  al  1977;  Heinrichs  and  Pathak  1981).  The  first  instar  larvae  are 
either  killed  upon  feeding  or  fail  to  transform  into  second  instar  (Prakasa  Rao  1971; 
Modder  and  Alagoda  1972;  Hidaka  et  al  1974;  Chiu-Shin-Foon  1980;  Kalode  1980). 
However,  low  percentage  (3%)  of  adult  emergence  (Hidaka  et  al  1974)  and  silver 
shoots,  harbouring  varying  proportions  of  larval  and  pupal  population  (Padhi  and 
Prakasa  Rao  1978),  under  field  conditions  have  also  been  reported  to  be  associated  with 
rice  varieties  resistant  to  rice  gall  midge. 

Induced  resistance  against  rice  gall  midge  was  attempted  by  applying  silica  fertilizers 
(Hidaka  1974)  or  chelated  boron  and  zinc  to  rice  plants  (Panda  1978).  Gall  midge 
incidence  decreased  by  50  %  by  the  latter  method.  This  method  has  yet  not  been  taken 
up  on  field  scale. 

The  resistant  varieties  exhibit  more  of  phenols  and  amino  acids  and  less  of  sugars  in 
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the  growing  apices  (Guru  and  Roy  1974;  Peraiah  and  Roy  1979;  Vidyachandra  et  al 
1981).  Higher  phenol  accumulates  in  the  growing  tissues  of  resistant  variety  upon 
feeding  by  the  gall  midge  (CRRI  1975).  Due  to  the  accumulation  of  phenols  necrotic 
brown  spot  is  formed  in  the  tissue  (CRRI  1976;  Wickeramasinghe  1979).  Hidaka  and 
Ya-Klai  (1979)  detected  seven  amino  acids  in  the  gall  midge  infested  plants,  but  only  5  in  the 
healthy  tissue.  On  the  other  hand,  Balasubramaniam  and  Purushothaman  (1976) 
noticed  11  amino  acids  in  the  galled  tissue  and  15  in  the  healthy  tissues.  Increased 
nitrogen  application  enhances  the  concentration  of  amino  acids  in  plants,  which 
favours  the  gall  midge  multiplication  (Regupathy  and  Subramanian  1972).  This 
perhaps  indicates  the  role  of  amino  acid  in  the  susceptibility  of  the  plants.  Modder  and 
Alegoda  (1972)  however  felt  that  there  is  lack  of  moulting  hormone  in  the  resistant 
varieties.  Since  antibiosis  is  essentially  biochemical  in  nature,  more  qualitative  work  on 
the  biochemical  basis  of  resistance  has  to  be  undertaken  to  get  a  clear  understanding. 


5.    Chemical  control 

Method  of  application  of  insecticide  is  an  important  phenomenon  for  gall  midge 
control  as  the  infestation  starts  appearing  right  from  the  seed  bed  and  continues  till  the 
tillering  period  and  once  the  infestation  has  established,  any  amount  of  insecticidal 
application  does  not  bring  down  the  infestation.  Therefore,  prophylactic  application  is 
generally  recommended  for  its  control  especially  in  the  pest  endemic  area  and  late 
planted  conditions  (Chatterji  et  al  1976;  Kalode  1976;  Kulshreshtha  et  al  1978;  Mathur 
and  Rajamani  1979).  Kulshreshtha  et  al  (1980)  recommended  less  than  5  %  gall  midge 
damage  to  be  economic  threshold  in  endemic  areas.  Seedling  root  dip  prior  to  planting 
with  chlorpyrifos,  isofenphos  or  chlorfenvinphos  at  0-02  to  0-04  %  concentrations  for 
12  hr  dipping  was  advocated  under  transplanted  conditions.  The  effectiveness  of  this 
treatment  persisted  atleast  for  30  days  in  the  main  field  (Kulshreshtha  and  Rajamani 
1973;  Kalode  1980;  Rajamani  et  al  1980;  Misra  et  al  1981).  The  dipping  period^can  be 
conveniently  reduced  to  3  to  4  hr  if  urea  (1  %)  is  added  (Rajamani  and  Mathur  1981)  or 
even  to  1  to  2  min  if  phosphate  slurry  is  added  to  the  insecticide  (Kalode  et  al  1982). 
However,  under  direct  seeded  condition,  sprouted  seed  treatment  with  chlorpyrifos 
emulsion  (Kalode  et  al  1982)  or  with  isofenphos  (CRRI  1980)  also  remained  effective 
for  30  days. 

Frequent  rains,  favourable  for  gall  midge  multiplication  during  fcftan/season,  reduce 
the.  effectiveness  of  the  foliar  sprays  which  remained  only  partially  effective  even  if 
applied  very  often  (Kalode  1980).  Granular  application  of  diazinon,  mephosfolan  and 
phorate  is  effective  for  its  control  in  the  medium  land  situation,  where  water  control  is 
possible.  Application  of  these  insecticides  in  the  seed  bed  also  prevents  initial  build  up. 
In  the  waterlogged  fields  insecticide  application  in  the  root  zone  immediately  after 
planting  or  incorporating  the  insecticide  at  the  final  puddling  afforded  control  for  a 
longer  period  (Kulshreshtha  et  al  1978;  CRRI  1979-1981). 

Similarly  under  upland  or  direct  seeded  conditions  seeds  or  sprouted  seeds  treated 
with  insecticides  remained  effective  for  30  days  after  seeding  (CRRI  1980;  Kalode  et  al 
1982).  Interestingly  Rajamani  et  al  (1982),  observed  that  when  application  was  made  in 
the  root  zone,  carbofuran  controls  the  gall  midge,  while  the  same  applied  in  the 
standing  water  does  not  control  Another  insecticide,  evisect  has  been  reported  to 
enhance  the  gall  midge  multiplication  in  the  field  as  well  as  in  the  net  house  (Rajamani 
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&t  a/  1982;  CRRI 1982).  The  phenomenon  of  increased  activity  of  the  gall  midge  with  the 
application  of  insecticides  has  come  to  light  rather  recently  and  requires  further 
detailed  studies  for  a  better  understanding. 


*>•       Biological  control 

A.  large  natural  enemy  complex  (11  parasites  and  8  predators)  is  operating  against  the 
gaill  midge  (Kalode  1980)  of  which  the  egg/larval  parasite,  Platygaster  oryzae  Cameron 
accounts  for  90  %  parasitism  (Mathur  and  Rajamani  1979).  The  percentage  parasitism 
by  JP.  oryzae  increases  with  the  build-up  of  the  pest  population,  continues  beyond  the 
peak  midge  incidence  and  suppresses  the  population  in  the  season  (Prakasa  Rao  1971). 
Since  the  parasite  activity  gradually  increases  in  the  field  and  takes  time  to  overcome  the 
pest  population,  in  spite  of  high  parasitism  late  in  the  crop  season  the  damage  to  the 
crop  is  inflicted  by  the  pest  each  year. 

Rice  damage  is  reported  to  be  reduced  when  parasitism  reaches  50  %  at  an  early  stage 
of  infestation  and  chemical  control  during  this  period  is  best  avoided  (Kulshreshtha 
19T9).  Biological  control  efforts  to-date  are  limited  only  to  record  the  periodical 
occurrence  of  natural  enemies  and  understanding  their  population  fluctuation. 
Invindative  release  of  the  parasites  early  in  the  season,  affords  great  scope  for  the  gall 
midge  management.  Field  trial  on  this  line  is  yet  to  be  taken  up,  when  mass 
multiplication  of  gall  midge  parasite  in  the  laboratory  becomes  possible. 


7.       Forecasting  of  g&li  midge 

Depending  on  the  rainfall  pattern  during  April  and  May,  it  is  possible  to  forecast  the 
occurrence  of  gall  midge  in  the  ensuing  kharif  season.  If  the  pre-monsoon  showers 
exceed  more  than  150mm  during  these  months,  the  gall  midge  activity  starts  in  the 
activated  stubbles  and  sslf  sown  rices  and  regular  infestation  occurs,  when  the  paddy  is 
transplanted  in  the  month  of  July.  If  the  pre-monsoon  rains  fail  to  occur  and  the 
monsoon  rains  start  in  June-July,  early  planted  crop  in  July  normally  escapes  from  the 
severe  infestation  and  only  the  late  planted  crop  (August)  suffers  serious  damage 
(KLulshreshtha  et  al  1978).  Depending  on  the  monsoon  pattern  in  an  area,  the  shift  of 
transplanting  time  and  the  right  choice  of  varieties  would  help  in  escaping  from 
infestation  especially  in  the  vulnerable  stage  of  the  crop  growth  (Mathur  1978).  It  can 
also  help  decide  upon  the  prophylactic  chemical  control  measures  to  be  applied  to  the 
crop. 


8.      Cultural  control 

According  to  the  pre-monsoon  shower,  planting  schedules  may  suitably  be  adjusted  to 
avoid  peak  period  of  gall  midge  attack  (Mathur  and  Rajamani  1979).  Early  planted 
crop  with  early  maturing  varieties  normally  escapes  from  the  severe  gall  midge 
infestation,  which  can  be  adopted  whenever  it  is  possible  (Reddy  1967).  Closer  spacing 
in  planting,  which  favours  the  gall  midge  multiplication  in  the  field,  should  be  avoided 
(Prakasa  Rao  1975).  Similarly,  susceptibility  of  rice  cultivars  to  gall  midge  increases 
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with  enhanced  nitrogen  application  (Israel  and  Prakasa  Rao  1968;  Regupathy  and 
Subramanian  1972;  Narayanan  et  al  1973)  and  higher  nitrogen  also  favours  increased 
tillering  of  the  variety  and  increased  number  of  tillers  favour  high  incidence  of  the  pest 
(Ramasubbaiah  et  al  1977).  Judicial  application  of  nitrogen  especially  in  the  initial 
tillering  period  of  the  crop  would  minimise  the  incidence  of  gall  midge. 

The  gall  midge  is  essentially  a  monsoon  pest.  Continuous  water  stand  in  the  field 
which  provides  higher  humidity  is  necessary  for  multiplication.  Alternate  drying  and 
wetting  the  field  minimises  gall  midge  activity  (Prakasa  Rao  1971). 

Although  many  hosts  are  reported  to  act  as  alternate  host  (Reddy  1967;  Heinrichs 
and  Pathak  1981),  only  a  very  few,  Leersia  hexandra  and  the  wild  rice,  Oryza  banhii, 
serve  as  alternate  host  in  Orissa  (CRRI 1982;  Natarajan  et  al  1983).  Rice  stubbles  and 
self  sown  rices  are  the  main  source  of  carry-over  of  the  pest  incidence.  Removal  of  the 
alternate  hosts  and  destruction  of  stubbles  especially  in  the  off  season  are  recom- 
mended to  prevent  the  carryover  of  the  gall  midge  population.  However  in  double 
cropped  situations  L.  hexandra  does  not  seem  to  play  a  significant  role  in  the  carry-over 
of  the  pest  during  no  rice  period  (Natarajan  et  al  1983). 


9.    Integrated  pest  management 

Integrated  pest  management  of  rice  gall  midge  was  attempted  in  early  1970,  utilising  all 
the  possible  control  methods.  Field  trial  with  the  parasitic  nematode,  DD  136,  or 
microbial  agent,  Bacillus  thuringensis  did  not  afford  any  control  of  this  internal  feeder 
(CRRI  1971;  1972)  and  only  integrating  genetic  resistance  in  the  varieties  and  need- 
based  insecticidal  application  affords  effective  control  of  the  insect  (Kulshreshtha  and 
Rajamani  1976).  Kalode  (1980)  later  advocated  that  gall  midge  resistant  cultivars  do  not 
require  any  insecticidal  protection  for  gall  midge  control  as  the  genetic  base  in  the 
resistance  is  high. 

Mohan  Rao  et  al  (1982)  claimed  that  the  number  of  insecticidal  sprays  has  been 
considerably  reduced  in  some  of  the  gall  midge  endemic  areas  by  utilising  integrated 
control  methods  like  conservation  of  the  natural  enemies,  suitable  planting  time  and 
varieties.  Since  a  high  level  of  resistance  against  gall  midge  is  available,  these  varieties  do 
not  require  any  control  measures  if  the  variety  becomes  acceptable  to  the  farmers. 
However,  much  more  work  is  required  to  devise  control  measures  for  areas  where  real 
resistance  against  gall  midge  is  not  available  and  relatively  susceptible  varieties  need  to 
be  cultivated. 


10.    Future  research  priorities 

Rice  gall  midge  ecology  has  to  be  studied  further  in  detail  to  understand  the  factors 
responsible  for  its  outbreaks.  Proper  classification  of  biotypes  of  rice  gall  midge  has  to 
be  made  along  with  its  distribution  to  help  breeders  in  developing  resistant  varieties  for 
each  biotype  area.  The  reasons  for  breaking  down  of  resistance  to  gall  midge  needs 
attention  and  possibility  of  biotype  shift  examined.  Knowledge  on  the  rate  at  which 
biotypes  can  be  selected  on  the  various  resistant  sources  will  be  required  to  help  varietal 
releases  for  an  area.  New  resistance  sources  have  to  be  identified  and  increased 
emphasis  has  to  be  placed  on  genetics  of  resistance  keeping  the  biotypes  in  view.  It  is 
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also  necessary  to  understand  if  the  rice  gall  midge  reared  on  different  hosts  have  any 
biological  differences.  Efforts  have  to  be  made  to  introduce  effective  natural  enemies 
against  rice  gall  midge  to  improve  level  of  natural  control  at  all  stages  of  pest 
development.  Little  information  is  available  on  the  predators  of  the  rice  gall  midge  and 
behaviour  of  the  dominant  parasitoids.  Large  scale  multiplication  of  midges  without 
resorting  to  rice  plant  is  still  not  possible  and  methods  are  required  to  be  developed. 
A  long  term  research  programme  is  required  to  establish  a  forecasting  system  for  rice 
gall  midge  taking  into  account  varieties  cultivated,  planting  date,  rainfall  pattern, 
damaged  tillers,  population  density,  natural  enemies  and  mode  of  carry-over  of  the 
insect  in  an  area.  Reasons  for  lower  occurrence  of  rice  gall  midge  in  certain  areas  as 
compared  to  others  where  higher  populations  are  obtained  has  to  be  investigated  to 
help  develop  sound  management  practices. 
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Gall  insect-host  plant  relationships — An  ecological  perspective 

A  RAMAN 

Entomology  Research  Institute,  Loyola  College,  Madras  600  034,  India 

Abstract.  Compared  to  other  phytophagous  insects,  the  gall  insects  are  specialised  in  view  of 
their  imperative  demand  for  a  particular  type  of  food  in  terms  of  a  specific  host;  this  is  further 
supported  by  their  specialised  trends  in  establishing  a  coordinated,  functionally  efficient 
system  involving  (i)  the  biogenesis  of  the  host  plant  organ,  and  (ii)  the  life-cycle  of  the  gall- 
maker.  The  'inherent  potential'  (genetic-?)  of  the  gall-insect  to  establish  an  independent,  yet  a 
discrete  habitat,  modifying  the  host  plant  tissue  to  enjoy  a  self-contained  nutritional  guild, 
facilitated  by  the  host  selection  patterns,  appears  especially  different  from  the  other  non- 
cecidogenous  phytophages. 

Besides  the  autecological  factors  such  as  the  changing  climate,  chemical  and  physical 
changes  in  the  host  tissue,  and  patchyness  of  food  plant  resources,  which  are  of  great 
importance  to  the  cecidogens,  of  particular  significance  are  the  community  interactions  within 
gall  systems  involving  many  arthropod  participants  like  inquilines,  parasites,  predators,  and 
other  casual  visitors.  As  specialised  organisms  and  with  limited  population  size  per  unit  area, 
the  gall  insects  seem  to  run  the  risk  of  random  extinction,  although  their  efficient  development 
of  strategies  to  survive  appears  significant. 

Keywords.    Gall  insects;  phytophagy;  ecology. 


I.    Introduction 

Like  that  of  any  phytophagous  insect,  the  existence,  physiology,  behaviour,  ecology, 
and  evolution  of  a  gall  insect  are  remarkably  influenced  by  the  host  plant,  which  offers 
food  and  shelter  in  a  special  way.  Although  there  could  have  been  a  time  when  the 
Spermatophyta  remained  unprotected  and  therefore  were  fed  upon  by  many 
phytophagous  insects  (Feeny  1975),  probably  over  the  years,  most  of  the  sper- 
matophytes  became  non-hosts  (de  Ponti  1982),  thus  paving  the  way  for  more-intimate 
relationships  as  a  result  of  careful  and  skilful  utilisation  of  the  available  plant  resources 
by  the  insects.  Although  the  phloem-feeding  Hemiptera  were  well  established  in  the 
Permian  (Smart  and  Hughes  1973),  accumulating  evidences  of  the  leaf-mining  habit 
among  particular  groups  of  phytophagous  insects  from  the  Eocene  (Mickey  and 
Hodges  1975;  Crane  and  Jarzembowski  1980)  indeed  suggest  the  behaviour  of  insects 
to  seek  new  food  sources  and  the  larvae  opting  for  'specialised'  but  limited  feeding  sites 
during  the  upper  Cretaceous,  when  the  diversification  and  establishment  of 
Angiosperms  took  place,  with  a  progressive  integration  of  the  faculties  of  exploitation 
by  the  insect  and  the  susceptibility  of  the  plant.  It  is  in  this  perspective  that  the 
cecidogenous  trait  of  some  of  the  insects  appears  significant  that  the  gall  forming 
tendency  could  have  branched  off  as  a  major  offshoot  from  the  phytophagous  habit, 
particularly  in  view  of  the  sophistication  in  terms  of  host  selection  and  the  adaptive 
strategies  (Faith  1979;  Ananthakrishnan  1982;  Raman  and  Ananthakrishnan  1983b) 
the  gall  insects  display. 
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2.    The  host  plant  as  an  environment 

Almost  all  the  gall  inducing  insects  and  mites  are  host-,  organ-,  and  tissue-specific 
(Shorthouse  1982)  and  they  take  advantage  of  the  fundamental  property  of  the  plants 
to  react,  whereby  even  the  differentiated  tissues  could  be  converted  into  meristematic 
state.  The  host's  response  to  the  feeding  or  ovipositional  stimulus  is  something  unique 
that  the  plant's  morphogenetic  responses  are  altered,  being  relieved  from  the  in-built 
correlative  factors  of  plant  development.  Sufficient  information  exists  on  the  structural 
readjustments  and  specialised  differentiation  patterns  in  insect/mite  induced  gall 
systems  (Maresquelle  and  Meyer  1965;  Meyer  1969;  Rohfritsch  1971);  yet  the 
development  of  nutritive  cells  through  dedifferentiation  is  one  of  the  most  outstanding 
features  of  gall  formation.  Further,  the  galls  in  general  show  a  number  of  specialised 
adaptations  including  the  differentiation  of  vascular  elements  and  sclereids  which  are 
of  great  significance  to  the  effective  functioning  of  gall  guilds.  The  growth  patterns  as  in 
a  cecidogenetic  system  involve,  on  the  whole,  a  blending  of  homeogenetic  as  well  as 
heterogenetic  phenomena  (Lang  1973)  for  an  effective  functioning  under  an  abnormal 
biological  demand,  i.e.,  to  provide  'facilities'  for  an  alien  organism.  The  host,  for 
example,  shows  heterogenetic  adaptations  like  the  transformation  of  parenchyma  cells 
into  sclereids  and  tracheary  elements  (Meyer  1968;  Raman  and  Devadas  1977).  This 
highlights  the  operation  of  different  polarity  gradients  during  the  phase  of  interaction. 
Moreover,  a  compromise  among  the  field  effects — the  repulsive  factors  between 
the  sites  of  normal  histogenesis  vis  d  vis  the  sites  of  cecidogenesis — ,  controlling  the 
external  form  and  internal  organisation  are  displayed  in  a  great  magnitude.  On  the 
whole,  the  inductive  phenomena  of  the  host,  viz  the  homeogenetic,  heterogenetic,  and 
field  effects  function  in  varying  intensities  in  every  gall  system,  thus  contributing  to  the 
totality  of  each  gall.  In  other  words,  the  insect-induced  galls  are  organised  proso- 
plasmatic  structures,  representing  an  obscure  situation  of  normality  (in  terms  of 
organised  form)  in  abnormality.  However,  the  localised  nature  of  the  'transformed' 
area  and  the  specific  nature  of  the  target  cells  evoke  interest.  It  is  believed  that  in  all  the 
angiosperm  cells,  a  polarised  cytoplasm  exists  that  determines  the  ability  of  cells,  and 
in  turn  that  of  the  organs  to  be  polarised  in  a  specific  way,  and  the  orientation  of  the 
polarity  follows  a  gradient  from  the  active  meristem  to  regions  of  cellular  elongation. 
This,  when  extended  to  galls  by  insects  and  mites,  indicates  the  diffusion  of  a  polarity 
gradient  from  the  nutritive  cell  areas  to  the  areas  away  (Mani  1964).  Attempts  to 
quantify  growth  as  in  insect  gall  systems  (Shorthouse  1973;  Wiebes-Rijks  1974,  1982; 
Lintott  1975;  Gopinathan  1984)  have  revealed  an  increase  in  the  relative  growth  rates, 
wherein  the  target  levels  of  growth  are  attained  quickly,  indicating  the  efficiency  and 
rapidity  in  the  developmental  rates  of  gall  systems.  Thus  a  gall  represents  the 
functional  efficiency  of  the  host  as  a  producer  of  new  material  and  also  gives  a  measure 
of  the  host's  economy  in  working  (Blackman  1919)  to  counter  abnormal  situations. 
This  is  effectively  moderated  by  the  differential  elaboration  of  the  tissues  in  the  gall 
system:  functional  elaboration  in  the  cells  closer  to  the  feeding  sites  (Bronner  1978)  and 
morphological  elaboration  of  the  cells  away  from  the  nutritive  zone. 

3.    Nutritional  ecology  and  host/habitat  selection 

In  general,  most  of  the  activities  such  as  the  performance,  timing  and  extent  of 
reproduction,  dispersal  activity,  probability  of  survival,  and  quality  of  the  offspring 
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produced  (de  Wilde  and  de  Loof  1973a,  b;  Slansky  1982)  are  primarily  controlled  by 
the  amount,  rate  and  quality  of  food  consumed  by  the  insects.  This  becomes  more 
specific  and  highly  relevant  among  the  cecidogerious  insects,  because  of  their 
specialised  behaviour,  since  a  major  part  of  the  life  cycle  is  intimately  linked  with  a  gall 
and  most  of  the  development  is  completed  therein  deriving  nutrition  from  the  gall 
tissue.  Environmental  evaluation  for  colonization  and  decision-making  (Slansky  1982) 
is  best  displayed  in  gall  insects  which  show  sophisticated  levels  of  these  behavioural 
patterns.  For  instance,  populations  of  Thilakothrips  babuli  within  the  rosette  galls  on 
the  axillary  buds  of  Acacia  leucophloea  (Varadarasan  and  Ananthakrishnan  1982; 
Raman  and  Ananthakrishnan  I983a)  are  restricted  to  a  short  period  of  3  months. 
When  the  rosette  galls  begin  to  dry  up,  thrips  population  also  declines  leaving  behind  a 
few  apterous  adults,  which  remain  in  the  dry  galls  and  diapause.  When  Acacia  puts 
forth  new  flower  buds,  the  apterous  adults  leave  the  diapausing  site  and  migrate  to 
form  new  galls.  Another  interesting  example  would  be  the  choosing  of  alternative 
courses  of  action  by  cecidogenous  species  in  a  flower  head  system  as  illustrated  by 
Zwolfer  (1979),  who  believes  in  the  operation  of  a  high  selection  pressure  for  the 
evolution  of  strategies  to  mitigate  the  effects  of  competition.  Species,  particularly  those 
belonging  to  the  same  genus,  coexisting  on  the  same  floral  locus  evolve  evasion 
strategies  by  developing  differences  in  the  selection  of  oviposition  or  larval  feeding 
sites,  or  in  the  timing  of  larval  development  (Zwolfer  1975).  Perhaps  the  most  efficient 
evasion  strategy  would  be  character  displacement  of  developing  races  or  biotypes,  as 
is  possibly  existing  in  the  cecidogenous  Bemisia  tabaci  distributed  almost  throughout 
the  world  (Mound  and  Halsey  1978)  on  a  variety  of  host  plants. 

The  host  selection  patterns  of  almost  all  the  gall  insects  need  to  be  examined  in  a  new 
perspective  of  sterol  availability  from  the  plants  to  enable  the  insects  to  develop  growth 
hormones.  Taxomyia  taxi,  inducing  galls  on  Taxus  baccata,  moults  only  after  a  pad  of 
nutritive  tissue  has  erupted  from  the  infested  apex  and  has  accumulated  large  amounts 
of  fat  and  starch  indicating  the  nutritive  tissue  to  be  a  sink  for  metabolities  (Lovett 
1970).  Excision  of  galled  shoot  in  most  cases  prevented  larval  ecdysis.  Ecdysterone  level 
in  these  galls  increased  from  June  to  mid-August  (as  in  Southwick,  England)  and  this 
could  represent  that  a  chemostimulant  is  needed  for  the  progress  of  larval  develop- 
ment (Lovett  1981).  Although  Svaboda  et  al  (1975)  have  cautioned  about  the  dangers  of 
making  generalizations  concerning  sterol  metabolism  in  insects,  Lovett's  (1981) 
suggestion  based  on  the  circumstantial  evidence  as  in  Taxomyia  work  provides  ample 
scope  to  imagine  the  relevance  of  gall  insects  being  specific  to  particular  hosts,  thus 
offering  close-knit  opportunities  to  maintain  values  for  the  life  history  performance. 

By  virtue  of  being  highly  specific  to  particular  hosts  involving  very  intimate 
relationships  of  an  efficient  host-finding  behaviour  and  organised  development  of  a 
habitat,  the  gall  insects  appear  to  have  tactfully  'surmounted  the  nutritional  hurdles'  in 
the  words  of  Southwood  (1975).  Aiming  at  the  maximal  larval  survival  and  by  a  well 
regulated  phagostimulatory  behaviour  based  on  the  orientation  and  utilization  of 
visible  and  chemical  cues,  the  cecidogenous  female  selects  the  oviposition  site  and  lays 
its  eggs.  In  spite  of  any  possible  spatial  isolation,  the  eggs  laid  occur  in  an  extremely 
ideal  food  area,  which  is  able  to  subserve  the  immediate  demands  of  the  emerging 
larvae.  The  juvenility  of  the  host  tissues  is  yet  another  important  factor  that  provides 
ample  opportunities  for  regeneration  and  thus  is  able  to  create  a  highly  desirable  locus 
of  nutrition  (Rohfritsch  1974,  1976;  Bronner  1978;  Raman  and  Ananthakrishnan 
1983c).  For  example,  the  emergence  and  migration  of  stem  mothers  of  Pemphigus  betae 
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are  precisely  synchronised  with  the  bud  burst  ofPopulus  angustifolia  (Whitham  1980); 
the  size  of  the  mature  leaf  is  critical  to  the  ultimate  fitness  of  the  colonising  stem 
mother,  and  Whitham  (1978)  further  contends  that  the  locus  of  the  galling  is  a  very 
important  factor,  because  the  galling  at  the  leaf  blade/petiole  junction  achieved  the 
highest  reproductive  success,  while  the  stem  mothers  occupying  gall  positions  along 
the  distal  regions  ofPopulus  leaf  registered  low  success,  since  the  suprapetiolar  region 
of  the  leaves,  the  gateway  regulating  the  inflow  and  outflow  of  material,  ensures  greater 
nutrient  availability.  TJiis  is  particularly  significant  in  a  cecidogenous  system,  where 
the  gall  insect  attacks  meristematic  and  venal  regions  of  the  host  organs  suggesting  the 
basic  necessity  for  nitrogenous  material  for  a  high  energy  conversion  efficiency.  Or, 
could  it  be  so,  that  they  avoid  toxins  as  Way  and  Cainmell  (1970)  have  shown  non- 
cecidogenous  aphids  feeding  on  dying  foliage  thus  achieving  spatial  avoidence?  In  this 
system,  the  stem  mothers,  because  of  their  galling  habit,  realised  at  least  84  %  of  the 
potential  fitness.  Whitham  (1980)  attributes  that  regardless  of  the  specific  mechanism 
employed  by  stem  mothers  to  select  superior  habitats  this  level  of  precision  indicates 
that  the  gall  insects  effectively  assess  and  integrate  the  variables  of  individual  habitat 
quality,  the  distribution  of  habitat  qualities,  and  the  density  of  competition  in  each 
habitat.  And  this  can  be  extended  to  other  gall  insects  as  well,  since  very  identical 
behavioural  patterns  appear  to  occur  among  gall  midges  such  as  species  ofSemudobia 
on  species  of  Betula  in  western  Europe  (Roskam  and  van  Uffelen  1981). 

While  cecidogenous  systems  are  highly  complex  and  intriguing  because  of  the 
elegant  behaviour  of  the  insect,  tissue  resistance  though  rare,  as  in  some  individuals 
within  populations  of  the  susceptible  host  taxon  appears  interesting.  In  the  Picea 
excelsa-Chermes  abides  system,  some  of  the  individuals  of  Picea  are  resistant  to 
cecidogenous  Chermes  (Tjia  and  Houston  1975;  Thelenhorst  1972).  Analysing  this 
interesting  host  behaviour  Rohfritsch  (1981)  has  illustrated  that  the  host  tissue  in  the 
susceptible  individuals  gives  rise  to  a  nutritive  zone,  while  in  the  resistance  plant  the 
attacked  cells  are  'hypersensitive',  leading  to  plasmolysis,  cell  collapse,  precipitation 
of  phenolic  substances,  and  finally  necrosis.  Curiously,  in  spite  of  the  abnormal 
behaviour  in  spring  and  autumn  by  the  host  tissues,  this  spruce  (P.  excelsd)  has  been 
shown  to  be  a  good  host  to  another  gall  making  species  Chermes  strobilobius. 


4.    Gall  community:  structure  and  interactions 

It  is  believed  that  the  community  involving  interactions  between  species  are  often 
ecologically  unstable  (May  1974),  and  unless  the  interactions  are  examined  explicitly,  it 
becomes  difficult  to  assess  whether  the  ecological  instability  could  lead  to  genetic 
instability.  In  spite  of  this  conceptual  vagary,  a  plant  gall  system  evoked  and  organised 
by  an  insect  appears  stable.  The  stability  is  so  significant  that  it  prompts  the  idea  that 
gall  insects  solicit  genetic  expressions  from  their  host  cells  (Rohfritsch  and  Shorthouse 
1982).  Attempting  to  bridge  the  gap  between  the  individual  behaviour  as  evident  in  the 
gall  maker  and  the  niche  structure  as  seen  in  the  gall  associated  arthropod  community, 
the  roles  of  the  inquilines,  predators,  and  parasites  seem  important.  The  system 
presents  itself  to  be  complex  involving  the  functioning  of  more  than  one  organism 
(Brewer  and  Johnson  1977;  Wangberg  1978;  Varadarasan  and  Ananthakrishnan 
1981).  In  the  Diplolepis  induced  galls  on  Rosa,  Shorthouse  (1973)  has  demonstrated 
the  functioning  of  the  inquiline  (Peridistus)  larvae  that  are  able  to  activate  and  modify 
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the  tissue  developed  by  Diplolepis.  Similarly,  Androthrips  flavipes,  recorded  in  as  many 
as  15  thrips-induced  galls  (Ananthakrishnan  1978)  and  shown  to  be  an  inquiline- 
predator  (Ananthakrishnan  and  Varadarasan  1977),  effectively  regulates  the  develop- 
ing colonies  of  the  gall  maker  thrips.  Adept  with  very  agile  body  action  and  swift 
movements,  these  associates  are  well-suited  for  inhabiting  specialised  habitats  such  as 
galls,  where  the  opportunities  to  locate  and  feed  on  gall  insects  are  ample  especially  in 
view  of  the  restricted  space;  besides  these,  Androthrips  also  shows  a  short  life  cycle 
duration,  which  enables  a  successful  predatory  habit.  Resorting  to  cannibalism,  this 
predatory  inquiline  keeps  the  number  low  so  that  over-crowding — a  dangerous  factor 
in  a  gall  system — is  avoided.  Large-bodied  insects  such  as  Montandoniola  moraguesi 
also  play  an  important  role  in  the  gall  communities.  When  compared  with  the 
functioning  of  the  small-bodied  predatory  insects  such  as  Androthrips,  Montandoniola 
compensates  by  consuming  more  of  gall  insects  (Raman  et  al  1978).  The  participation 
of  endophagous  and  ectophagous  parasitoids,  both  displaying  well-defined  courses  of 
action  can  be  illustrated  with  the  example  of  Eurytoma  inhabiting  Urophora  galls 
(Zwolfer  1979).  The  endophagous  E.  robusta  oviposits  when  the  gall  reaches  more  or 
less  the  full  size.  This  strategy  adapted  by  2  species  of  Eurytoma  to  achieve  maximum 
utilisation  of  the  resources  is  indeed  impressive.  The  early  action  of  E.  serratulae  elicits 
protection  through  the  development  of  the  host  which  develops  cuticular  sclerotization 
to  escape  the  attack  of  the  aggressive  competitor,  E.  robusta.  The  restricted  nature  of 
the  food  supply  coupled  with  rapid  population  growth  rates  of  gall-maker  as  in  some  of 
the  Homoptera-induced  gall  systems  suggests  the  existence  of  an  unusual  defensive 
behaviour  in  keeping  'territories'  (Whitham  1979).  Since  the  population  densities 
approach  the  carrying  capacity  of  the  environment  and  because  of  parthenogenesis, 
Pemphigus  betae,  cecidogenous  on  Populus  angustifolia,  defends  its  microterritory 
leading  to  individuals  being  displaced  through  competitive  interactions.  Examining 
Baccharis  pilularies-Rhopalomyia  californica  system,  and  the  associated  parasites 
like  Torymus  koebelei,  T.  baccharidis,  Platygaster  californica,  Zatropis  capitis, 
Mesopolobus  sp.,  and  Tetrastichus  sp.,  Ehler  (1982)  proposes  that  some  form  of 
interspecific  competition  occurs  especially  between  the  most  superior  competitor  in 
that  gall  systems  ( T.  koebelei)  and  an  intermediate  competitor  (P.  californica)  affecting 
the  performance  of  each  other.  These  kinds  of  biological  systems  involving  a  highly 
specific  and  organised  community  and  necessarily  depending  on  the  development  of 
galls  raise  a  number  of  questions.  In  principle,  there  is  a  three-level  trophic  interaction 
among  the  participants — producer,  gall  maker  and  parasite — and  the  interaction 
behaviour  of  the  competitors  as  in  these  systems  needs  to  be  assessed  in  terms  of  the 
competitives  superiority  or  inferiority,  as  well  as  in  terms  of  r-to-fc  continuum 
(MacArthur  and  Wilson  1967)  to  understand  and  elucidate  the  optimal  evolutionary 
strategies  employed  by  these  organisms. 


5.     Conclusions 

The  insect-plant  interactions  on  the  criterion  of  gall  induction  appears  unique 
particularly  when  examined  on  the  biogeographic  factors.  The  highly  specific  nature  of 
gall  insects  to  particular  hosts  does  throw  significant  light  on  their  behavioural  pattern 
of  colonising  biogeographically  specific  areas.  For  instance,  the  isolation  of  cecido- 
genous thrips  to  arborescent  hosts  of  tropical  and  subtropical  zones  (Raman  and 
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Ananthakrishnan  1984;  Ananthakrishnan  1978),  the  epiphyllous  bud-gall  inducing 
coccids  on  the  foliage  of  asiatic  Shorea-$  of  Indo-Malayan  region  (Anthony  1980),  and 
the  flower  inhabiting  Semudobia  to  Retula-s  of  boreal  and  temperate  Holarctic  (Meusel 
et  al  1965)  evoke  interest,  suggesting  the  complexity  of  the  trophic  relationships  in 
cecidogenous  systems,  as  well  as  the  emerging  properties  characterising  the  whole 
ecosystems.  It  remains  to  be  seen  whether  these  intricate  relationships  have  anything 
remarkable  to  contribute  to  the  process  of  coevolution.  This  is  important  and  relevant 
here  because  plant  gall/insect  association  is  one  of  the  intimate  biological  associations. 
However,  in  the  cecidogenous  systems  such  as  that  of  Semoudobia-Betula  (Roskam 
1979),  confusing  pictures  emerge.  In  any  case,  detailed  analyses  of  the  host  spectrum  of 
gall  insects  may  provide  additional  evidence  to  identify  the  affinities  among  host 
species,  since  many  defined  groups  of  gall  insects  are  characteristically  bound  to 
defined  groups  of  plant  hosts.  However,  the  interplay  of  two  unrelated  organisms  as  in 
insect  gall  systems  highlights  the  evolution  of  a  remarkably  efficient  interacting  system: 
the  plant  mobilising  all  the  possible  resources  to  protect  itself  initially,  and  then 
undergoing  a  series  of  adaptive  changes  to  enable  the  survival  and  sustenance  of  the 
insects;  and  the  insect,  on  its  part  displaying  feeding  specialization  to  create  a  new 
habitat.  In  this  background,  the  gall  insects  are  highly  specialised  in  their  search,  and  it 
is  also  possible  to  imagine  that  they  had  no  potential  or  an  imperative  need  to  search 
for  new  hosts,  particularly  when  they  got  established.  The  nutritional  behaviour  of 
Monarthropalpus  buxi,  cecidogenous  on  Buxus  sempervirans  having  the  potential  to 
induce  galls  on  Buxus  nana  and  B.  bullata  only  under  experimental  infestations  (Brewer  - 
and  Skuhravy  1980),  gives  a  clue  that  the  gall  insects  are  basically  conservative,  and 
perhaps  because  of  the  lack  of  necessary  gene-pool  readjustments  to  produce  necessary 
enzyme  systems,  they  are  not  able  to  adapt  to  newer  environments  in  terms  of  new 
hosts.  This  trait  of  conservation  could  become  significant,  since  a  genotype  with  a  high 
frequency  in  one  generation  will  automatically  be  changing  its  environment  and  paying 
the  way  for  its  decline  at  some  future  point  of  time.  Notwithstanding  the  possible 
'conservatism',  the  nature  of  host  selection,  the  creation  of  a  highly  refined,  self- 
sufficient  microenvironment  and  the  constant  fitness  of  the  interacting  genomes, 
appear  highly  specialised. 
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The  dynamics  of  the  root-knot  nematode  galls 
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Abstract.  The  dynamic  nature  of  the  galls  evoked  by  species  of  Meloidogyne  (root-knot 
nematode)  involves  many  hypersensitive  reactions.  Energy  relations  in  the  galls  of  the  suscep- 
tible hosts  reflect  the  combat  capabilities  centering  around  functional  resistance.  Factors 
associated  with  resistance  are  indicated.  The  futurology  of  the  problem  of  containing  the 
infection  is  discussed.  Chemotherapy  consisting  of  imparting  resistance  in  susceptible  hosts  is 
suggested,  to  achieve  success  in  agricultural  economy.  Electrophysiological  relations  of 
pathogenesis  and  the  future  implications  of  these  studies  in  the  understanding  of  the"  disease 
are  indicated. 

Keywords.  Functional  resistance;  enzyme  accelerators;  disaccharide  analogues;  resistance 
elicitors. 


1.     Introduction 

Interfering  with  anchorage  and  absorption,  the  two  primary  functions  of  roots  of 
plants,  the  root-knot  nematodes  (Meloidogyne  spp)  are  of  major  interest  in  the  field  of 
agricultural  economy.  Their  economic  effects  in  the  agricultural  front  are  now  well 
documented  (Webster  1972).  Extensive  studies  during  the  past  three  decades  have 
helped  the  understanding  of  this  nematosis  with  regard  to  the  environmental  influence 
on  the  host-pathogen  combatibilities,  the  nutritional  stress  on  the  host  as  a  result  of 
infection,  the  histopathology,  the  biochemistry  of  the  pathological  metabolism,  the 
possible  factors  involved  in  resistance  etc.  Breeding  for  resistance,  judicious  agronomic 
practices  etc  are  all  directed  towards  containing  the  infection,  if  not  eradicate  it.  The 
problem  continues  unabated  and  information  also  is  flowing  from  different  angles,  the 
sole  object  being  one  of  controlling  the  economic  loss.  Since  many  excellent  reviews 
and  books  are  available  in  these  aspects  (Kirkpatrick  et  al  1 964;  Peacock  1 966;  Southey 
1970;  Barker  and  Nusbaum  1971;  Castro  and  Thomason  1971;  Nelmes  et  al  1973; 
Sasser  and  Jenkins  1975),  only  a  concised  account  is  given  here,  with  a  greater  stress  on 
the  futurology  of  the  problem. 


2.     Environment — host-pathogen 

Infection  resulting  in  gall  formation  ultimately  results  in  reduced  production,  the  basic 
cause  being  the  nutritional  stress  created  in  the  host  during  pathogenesis.  Extremes  of 
environment  (soil  particle  size,  oxygen  concentration,  temperature,  alkalinity  etc) 
impeding  the  plant  growth  also  impede  the  pathogen's  fecundity  and  population  (Van 
Gundy  and  Stolzy  1961;  Van  Gundy  et  al  1964;  Kirkpatrick  et  al  1964;  Dropkin  1969a; 
Wallace  1969;  Nardacci  and  Barker  1979).  On  the  other  hand  a  well-nourished  plant 
rallies  round  the  infection  by  virtue  of  its  nutritional  status.  Presumably,  under  field 
conditions,  judicious  water  management,  fertilizer  practices  etc  play  in  this  direction. 
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3.    Gall  dynamics 

Galls  evoked  by  the  Meloidogyne  vary  in  their  morphology  and  metabolism.  Briefly 
summarized  (Owens  and  Novotny  1960;  Wallace  1963;  Dropkin  1969b,  1972;  Endo 
1971;  Bird  1974;  Jones  and  Dropkin  1975,  1976;  Kannan  1977)  the  following  features 
reflect  the  dynamic  nature  of  the  gall  and  its  bearing  on  the  host-pathogen  relations. 

Galling  reactions  (expansion  of  protoplasm  resulting  in  giant  cell  formations  etc) 
commence  with  the  feeding  activity  of  the  infective  juveniles.  The  root  exudates 
containing  sugars,  amino  acids,  electrolytes  etc,  influence  the  hatching  of  eggs  and 
positive  taxis  towards  the  growing  root  tips  (Bird  1959).  Enzymes  (esterases, 
acetylcholine  esterase)  observed  in  the  amphidial  pouches,  nerves,  body  openings  of 
the  juveniles  guide  in  chaemotaxy  and  also  in  their  final  spatial  relegation  (Kirkpatrick 
et  al  1964)  with  respect  to  the  vascular  elements  within  the  roots.  A  shift  from  the  sugars 
to  nitrogenous  components  of  the  root  exudates,  following  the  entry  of  juveniles  seem 
to  be  a  predisposing  factor  for  other  secondary  infections  (Van  Gundy  et  al  1977).  Cell 
wall  degrading  enzymes  and  other  hydrolases  (Roy  1979,  1980)  observed  in  the 
juveniles  account  for  the  cell  wall  breakdown  (Bird  1972)  and  nutrition  of  the  juveniles. 

The  gall  syncytium  is  truly  dynamic  in  its  nature  and  activity.  The  syncytial 
boundary  is  very  discrete  with  fortified  wall  ingrowths  and  with  active  polysaccharide 
incorporation.  The  fortified  walls  exhibit  (Jones  and  Dropkin  1976)  pit  fields  with 
sieve  pore  areas,  the  latter  indicative  of  actively  streaming  plasmodesmata  establishing 
extraterritorial  connections  with  transfer  cells  of  transport  region.  Electro- 
physiological  studies  indicating  electrolyte  flow  across  the  plasmodesmata  reflect  the 
latter  functioning  as  nutritive  channels  so  thaf ,  the  syncytium  functions  as  the  nutrient 
sink,  drained  by  the  nematode.  In  this  state,  the  nematode  is  the  final  metabolic  sink 
since,  even  remotely  applied  metabolites  find  their  way  into  the  gravid  females  and  eggs 
(Rohde  and  McClure  1975;  Bird  and  Loveys  1975;  McClure  1977).  A  mutual 
relationship  exists  in  this  regard,  the  syncytium  sustaining  the  nematode,  the  latter 
maintaining  the  former,  as  the  syncytium  collapses  if  the  nematodes  move  away  or 
when  killed  by  pricking  (Bird  1962). 

The  gall  chemistry  (Owens  and  Novotny  1960;  Wallace  1963;  Owens  and  Rubinstein 
1966;  Owens  and  Specht  1966;  Kannan  1967,  1968a,b,  1977;  Endo  and  Veech  1969; 
Balasubramanian  and  Purusothaman  1972;  Dropkin  1972;  Giebel  1974;  Jones  1980; 
Das  Gupta  et  al  1981;  Kannan  and  Chandraguru  1981;  Premachandran  1981)  reveals 
the  following:  starch  disappears,  sugars  deplete,  proteins  increase  along  with  varied 
levels  of  other  metabolites  such  as  keto  acids,  phosphorylated  intermediates,  nucleic 
acids,  amide  nitrogen  and  phenols.  Excessive  protein  build-up  indicates  their  synthesis 
while  the  build-up  of  phenols  indicate  their  possible  role  in  defence  mechanisms.  The 
enhanced  activities  of  oxido-reductases  indicate  the  energy  relations  involved,  since 
these  redox  enzymes  transmit  energy. 

The  variations  in  the  metabolites  along  with  enhanced  activities  of  redox  enzymes 
imply  hypersensitive  reactions  during  pathogenesis.  Gall  size,  tissue  damage  etc 
associated  with  various  degrees  of  susceptibility /resistance  (Kannan  1967,  1968a,b, 
1977)  can  be  correlated  with  varied  chemical  phenomena  mentioned  above.  Such 
events  subscribe  to  the  two  concepts  viz  (i)  the  redox  theory  of  hypersensitivity,  and 
(ii)  oxidative  metabolism  participates  in  diseases  resistance  (Goodman  et  al  1967). 
The  survival  of  the  susceptible  host  during  pathogenesis  reflects  its  combat 
capabilities,  especially  when  lysis  is  initiated  by  the  pathogen.  Such  capabilities  should 
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rest  in  the  metabolic  pool  with  its  capacity  for  interconversion  such  as  conversion  of 
glucose  into  ascorbic  acid  (Burns  1960),  genesis  of  aminoacids  from  carbohydrate  and 
lipid  sources  etc.  All  these  events  amounting  to  salvaging  operations  running  at  a  high 
pitch,  with  the  associated  accelerated  redox  enzyme  play,  indicate  the  interplay  of  DPN 
dependant  enzymes  (oxidases  involved  in  catalysis)  and  TPN  dependant  enzymes 
(reductases  involved  in  synthesis). 

Pathological  metabolism  is  thus  the  resultant  of  the  degrees  with  which  these  two 
enzyme  systems  balance  each  other.  The  degree  of  this  balance  reflect  the  degree  of 
pathogenesis  viz  susceptibility /resistance.  This  chemical  dynamics  at  molecular  level  is 
indicated  by  the  degree  of  tissue  damage. 

The  cumulative  high  energy  output  through  the  auxiliary  respiratory  pathways 
(Goodman  et  al  1967;  Kannan  1967  quoted  by  Wallace  1973)  presumably  is  connected 
with  the  disease  combat  mechanics  of  the  susceptible  host. 

To  sum  up,  the  pathological  metabolism  reflects  the  hypersensitive  state  of  the  host 
during  pathogenesis,  which  state,  stemming  from  the  molecular  level  has,  not  only 
manifestations  in  the  immediate  zones  of  infection,  but  also  has  remote  implications 
observed  in  such  features  as  wilting,  stunting,  etc.  Such  remote  expressions  leading  to 
the  ultimate  reduction  in  produce  are  now  known  to  be  centered  around  the  hormone- 
water  relations  of  the  plant  (Brueske  and  Bergeson  1972;  Meon  et  al  1978a,b). 


4.    Futurology 

While  the  observations  given  above  reflect  the  events  in  pathogenesis,  yet  many  issues 
remain  unresolved.  These  issues  may  prove,  in  the  long  run,  towards  a  better 
understanding  of  the  susceptible/resistant  relations  which  forms  the  key  for  the  control 
measures.  Some  such  future  possibilities  in  this  direction  are  given  below  and 
represented  in  figure  1. 

4.1     The  cell  wall  barrier 

The  initial  stages  of  plant  infection  involving  the  cell  wall  breakdown  (Albersheim  et  al 
1969)  is  the  resultant  of  the  interaction  between  the  enzyme  molecules  of  the  pathogen 
and  polysaccharides  of  the  cell  wall.  Resistance/susceptible  situations  reflect  some  of 
these  reactions.  Since  data  in  this  regard  for  nematode-induced  pathogenesis  are 
wanting,  experiences  gained  from  other  fields  of  pathogenesis  require  to  be  applied,  to 
understand  whether  parallel  phenomena  operate  in  this  field  also. 

According  to  Cowling  (1965),  certain  features  of  the  organization  of  the  cellulose  of 
the  cell  wall  seems  to  have  a  bearing  on  the  cell  wall  breakdown  during  pathogenesis. 
Some  of  these  features  are:  the  moisture  content  of  the  cellulose  fibres,  the  degree  of 
crystallinity  and  polymerization  of  the  cellulose  molecules,  the  size  and  surface 
properties  of  the  capillaries  between  the  microfibrils  of  the  cellulose,  the  nature  of 
substances  associated  with  cellulose  such  as  hemicellulose,  lignin,  pectin,  protein  etc 
and  the  degree  of  co-polymerization  of  these  polymers  with  cellulose,  the  accessibility 
of  the  enzyme  molecule  of  the  pathogen  to  the  hydroxyl  locking  sites  of  the  cellulose 
etc.  The  number  of  hydroxyl  locking  sites  available  for  the  pathogen's  enzyme 
determines  the  degree  of  breakdown  of  the  cellulose. 

The  pathogen-polysaccharide  (cell  wall  component)  relations  (Albersheim  et  al 
1969)  in  fungal  and  bacterial  pathogenesis  reveal  the  following: 
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Granted  that  in  all  plant  pathogenesis,  the  cell  wall-degrading  enzymes  are  a  pre- 
requisite, the  pathogen's  enzyme  is  influenced  qualitatively  and  quantitatively  by  the 
surrounding  carbohydrate  as  well  as  its  accessibility  to  the  pathogen's  enzyme.  The 
enzyme  molecule  (protein)  is  quick  to  recognise  the  substrate  sugar  moieties.  Breeding 
for  resistance  show  that  widely  separated  varieties  have  differences  in  their  polysac- 
charides  which  exhibit  varied  resistance  to  pathogen's  enzyme.  Very  closely  related 
varieties  have  almost  similar  polysaccharides,  but  yet  have  variations  in  glycosidic 
linkages  which  alone  can  account  for  varied  resistance  exhibited  to  pathogen's 
enzyme.  The  polymeric  configuration  of  the  polysaccharides  with  the  linkages,  offer 
innumerable  situations  for  the  pathogen's  enzyme.  If  new  strains  of  hosts  arise  with 
polysaccharide  variations  during  breeding  experiments,  formations  of  new  pathogen 
strains  with  specific  enzymic  adaptations  are  also  not  ruled  out. 

The  situations  presented  above  show  the  complexities  involved  the  possible 
variations  that  can  occur  in  the  qualitative/quantitative  aspects  of  the  pathogen's 
enzyme  in  specific  set-ups  and  also  the  origin  of  new  pathogenic  strains  with  enzymic 
adaptations,  as  the  substrate  changes  genetically  in  breeding  experiments.  Such 
breeding  experiments  clearly  indicate  the  pathogen's  evolution  running  parallel  with 
the  formation  of  new  varieties  of  host's  substrate  i.e.  polysaccharides. 

An  exciting  feature  of  cellulose  breakdown  consists  of  the  repression  of  the 
breakdown  process  by  free  sugars.  Horton  and  Keen  (1966)  have  shown  that  glucose 
when  sprayed  during  pathogenesis  (non-nematode  infections)  suppresses  pathogen's 
polygalacturonases  and  cellulase  activities.  Patil  and  Dimond  (1968)  with  extensive 
evidences  demonstrated  the  repression  of  polygalacturonase  activity  by  the  addition  of 
glucose.  The  hypothesis  that  sugars  are  involved  in  the  regulation  of  plant  disease 
development  has  also  been  documented  (Horsfall  and  Dimond  1957).  Albersheim  et  al 
(1969)  also  view  that  disaccharides  have  a  role  to  play  in  the  inhibition  of  catalytic 
enzymes  of  the  pathogen  and  that  disaccharide  analogues  may  prove  effective  in 
controlling  the  polysaccharide  hydrolysis  (cellulose  breakdown)  by  the  pathogen's 
enzyme. 

Such  observations  require  intensive  studies  in  nematode  pathogenesis.  According  to 
Cowling  (1965),  it  would  be  worthwhile  to  find  out  whether  resistant  hosts  have  altered 
cellulose  configurations  contributing  resistance  to  pathogen's  enzyme.  Also,  it  is 
necessary  to  understand  how  far  the  nematode's  cell  wail-degrading  enzymes  are 
influenced  in  these  altered  situations.  The  possibilities  of  sugars  and  disaccharide 
analogues  inhibiting  the  pathogen  enzyme,  such  that  cell  wall  lysis  is  inhibited,  require 
attention.  Breeding  for  nematode  resistance  calls  for  the  investigations  on  the  nature  of 
glycosidic  linkages  as  postulated  by  Albersheim  et  al  (1969). 

Hahn  et  al  (1981)  isolating  the  uronic  acid  complexes  (galactouronic  acid  etc)  from 
the  wall  polysaccharides  of  the  host  have  suggested  their  role  in  eliciting  defense 
reactions  in  the  presence  of  the  pathogen's  enzymes.  Endogenous  release  of  such 
eiicitors  from  pectic  compounds  (as  a  result  of  pathogen's  pectic  enzymes)  seem  to 
suggest  that  the  cell  wall,  in  addition  to  its  structural  role,  has  a  defensive  role  also 
(Hahn  et  al  198 1).  In  this  connection  it  is  to  be  noted  that  uronides  of  the  cell  wall  occur 
with  glycosidic  and  phenolic  complexes  and  that  the  role  of  phenols  in  defense 
reactions  are  well  admitted. 

The  role  of  uronides  in  defense  reactions  (Hahn  et  al  1981)  show  yet  another 
dimension  involved  in  defense  during  pathogenesis  and  such  feature  requires  further 
elucidation  with  regard  to  nematode  pathogenesis. 
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4.2    Biochemistry  of  resistance 

Increased  levels  of  proteins,  ascorbic  acid,  phenols,  antibiotics,  isozymes  etc  have  led  to 
the  concept  of  their  possible  role  in  defense  reactions  during  pathogenesis  (Uritani 
1961,  1971;  Arrigoni  1979;  Ganguly  and  Das  Gupta  1979,  1981;  Jones  1980;  Das 
Gupta  et  al  1981;  Premachandran  1981). 

4.20  Proteins:  One  problem  regarding  the  proteins  pertain  to  the  availability  of 
aminoacids.  According  to  Howell  and  Krusberg  (1966),  the  sources  that  satisfy  the 
protein  requirement  are:  (i)  greater  translocation  of  aminoacids  into  the  gall 
(ii)  increased  rates  of  synthesis  (iii)  decreased  rates  of  translocation  out  of  the  gall 
(iv)  decreased  rates  of  breakdown  and  (v)  deposition  by  nematodes.  Roy  (1981) 
however  contends  the  deposition  by  nematodes  and  the  aminoacid  synthesis  in  the 
galls  to  be  the  chief  contributory  sources  for  the  protein  in  that  region.  The  possible 
translocation  from  extra-territorial  zones  to  the  galls  is  ruled  out  (Roy  1981)  in  view  of 
the  fact  that  increased  protein  is  observed  in  remote  areas  also.  Such  activity  in  remote 
areas  necessarily  imply  the  possible  local  genesis  of  free  aminoacids  so  that 
translocation  to  the  gall  site  cannot  be  a  significant  feature.  Lewis  and  McClure  (1975) 
observed  that  the  deposition  by  the  root-knot  nematodes  amounted  to  less  than  0. 1  %, 
so  that  their  contribution  to  the  increased  protein  build-up  in  the  galls  is  insignificant. 
The  problem  thus  is  narrowed  down  to  the  aminoacid  synthesis  and  the  precursors 
necessary  for  this  (Owens  and  Specht  1966). 

The  glucogenic  origin  of  aminoacids  (Fruton  and  Simmonds  1959;  West  et  al  1968) 
in  the  biological  organization  is  an  accepted  feature.  In  plants,  extensive  glycogenic 
residues  are  readily  available  in  the  glycosidic  linkages  of  the  polysaccharide 
component  of  the  cell  wall.  The  possibility  of  conversion  of  such  glycosidic  residues 
(produced  by  pathogenic  enzyme  activity)  of  the  host  into  aminoacids  require 
attention  with  the  help  of  tracer  techniques. 

Histone-like  proteins  are  exuded  from  the  buccal  stylet  of  the  nematode  (Bird  1968). 
Histones  are  of  interest  in  view  of  their  gene  regulatory  action  as  well  as  their 
association  with  the  DNA  of  all  eukaryotes.  By  virtue  of  their  lysine/arginine  ratio,  they 
are  classified  into  four  classes  with  varied  molecular  weight  (11300-21000).  It  is 
thought  that  they  may  have  a  particular  role  in  gene  repression  (Elgin  and  Bonner 
1973).  On  this  basis,  Bird  (1974)  argued  that  if  the  buccal  exudate  of  Meloidogyne, 
functions  as  a  histone  by  keeping  some  of  the  genes  in  undifferentiated  cells 
incompetent  (Zalokar  1964),  this  could  explain  the  first  step  of  syncytial  formation, 
namely  a  cessation  of  normal  differentiation  of  root  cells.  In  view  of  the  small 
quantities  of  the  available  material  (enzymic  histones  of  the  pathogen),  more  sensitive 
techniques  will  have  to  be  developed  to  study  the  histone-like  nature  of  these  exudates, 
their  molecular  weight  etc.  This  is  because  no  information  is  available  on  the  nature  of 
these  buccal  exudates  of  the  infective  juveniles;  beyond  that  they  have  antigenic 
properties  and  appear  to  be  proteins,  resembling  those  produced  by  adult  females. 
New  proteins  like  isozymes  (Ganguly  and  Das  Gupta  1979)  are  observed  in  resistant 
varieties  and  these  are  attributed  towards  indexing  the  resistance.  It  is  of  interest  to 
note  that  even  in  susceptible  varieties  (Jones  1980;  Ganguly  and  Das  Gupta  1981), 
variations  in  the  protein/peptide  patterns  are  observed.  Both  the  situations  involve  the 
interplay  of  pathogenic  enzymes  with  the  substrates  of  the  hosts.  Extending  the  view, 
that  the  histone-like  proteins  of  the  pathogen's  enzyme  bring  about  a  change  in  the 
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gene  regulation  (Bird  1974),  it  follows  that,  it  is  the  resultant  of  the  interaction  between 
nucleohistones  (genetic  material)  of  the  host  material,  with  the  enzymic  histones  of  the 
pathogen.  The  phenomenon  is  similar  to  immunological  reactions  probably  contribu- 
ting to  the  views  of  the  antigenic  properties  of  the  buccal  exudates  as  envisaged  by  Bird 
(1974).  Just  as  immunological  relations  evoke  defense  reactions,  such  defense  reactions 
are  probably  implied  in  the  protein  build-up  during  pathogenesis.  The  protein  build-up 
then  seems  to  reflect  a  state  of  redifferentiation  (Bird  1974). 

4.2b  Growth  hormones:  Galling  occurs  with  reference  to  specific  cell  components 
and  it  is  of  interest  to  note  that  secondary  root  formation  occurs  away  from  the  galls. 
Such  root  formations  distal  to  the  galls  indicate  specificity  of  tissues,  while  the  galled 
cells  are  said  to  reflect  a  state  of  ^differentiation.  Indole  acetic  acid  (IAA),  the  product 
of  tryptophan  metabolism  accumulates  in  galls  (Bird  1962;  Yu  and  Viglierchio  1964; 
Setty  and  Wheeler  1968;  Viglierchio  and  Yu  1968)  and  is  considered  to  be  responsible 
for  galling  reaction.  Also  gibberellic  acid  (GA)  exerts  a  regulating  influence  over  the 
auxin  levels  in  the  meristematic  tissues  of  healthy  plant  (Goodman  et  al  1967),  such 
that,  cellular  differentiation  is  favoured.  In  the  infected  plant,  the  excessive  IAA  build- 
up seems  to  go  out  of  control  of  the  GA,  so  that,  differentiation  is  prevented  and 
hypertrophy  is  favoured  leading  to  gall  formation.  The  study  of  the  kinetics  of  action 
of  GA  over  IAA  will  give  the  exact  relations  involved  in  the  galling  phenomena.  Such  a 
question  has  also  been  raised  in  viral  infection  of  plants  (Goodman  et  al  1967),  where 
exogenous  GA  application  partially  overcomes  virus  induced  stunting  and  where  it  is 
believed  that  the  metabolism  of  this  hormone  is  changed  in  the  infected  plant. 

Thus,  the  state  of  re-differentiation  envisaged  in  the  galls,  reflects  the  complexity 
involving  GA/IAA  relations,  protein  build  up  and  Wstone-histone  interactions,  the  last 
factor  being  the  interaction  between  the  enzymic  histones  of  the  pathogen  with  the 
host's  nucleohistones.  These  situations  seem  to  vary  in  susceptible/resistant  relations, 
as  indicated  by  the  variable  types  and  quantities  of  proteins  (isozymes),  variable  auxin 
activity  and  also  varied  activity  of  the  pathogenic  enzyme.  Degrees  of  such  variations 
will  probably  be  indicative  of  degrees  of  susceptibility  and  resistance. 

4.2c  Ascorbic  acid:  The  biogenesis  of  ascorbic  acid  from  sugar  sources  have  been 
documented  with  tracer  techniques  (Burns  1960).  The  participation  of  ascorbic  acid  as 
an  auxiliary  respiratory  pathway  yielding  energy  is  also  known  (Mapson  1958). 
Arrigoni  et  al  (1979)  have  indicated  the  possible  role  of  ascorbic  acid  in  the  defense 
reactions  of  the  nematode  infected  plants.  Such  a  role  of  the  ascorbic  acid  require 
intensive  studies  with  regard  to  its  contribution  to  the  dynamics  of  resistance  as  well  as 
its  origin  in  vivo  during  pathogenesis. 

4.2 d  Phenols:  In  resistant  hosts,  further  oxidation  of  phenols  (Kosuge  1969)  seem 
to  be  involved  in  resistance.  The  state  of  oxidation  of  phenols  in  susceptible/resistant 
relations  require  exploration.  It  would  be  worthwhile  to  explore  the  possibilities  of 
promoting  further  oxidation  of  phenols  in  susceptible  hosts,  to  simulate  resistant 
situations.  Exogenous  application  of  phenolics  to  genetically  susceptible  varieties  have 
encouraging  results  (Feldman  and  Hanks  1971;  Kannan  et  al  1983).  Phenolics  are 
known  to  inhibit  the  activity  of  the  pathogen's  enzyme  (Wallace  1973),  thereby 
preventing  the  utilization  of  nutrients  by  the  pathogen.  Such  a  situation  seems  to  be 
one  indicating  resistance,  since  the  pathogenic  effects  are  reduced.  Intensive  explorations 
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are  required  in  this  direction  regarding  the  induction  of  resistance  in  susceptible  hosts. 

4.3  Chemotherapy  and  resistance 

Aminoacids  such  as  phenylalanine,  alanine,  serine,  threonine  (Krishna  Prasad  et  al 
1976;  Setty  et  al  1977)  and  methionine  (Reddy  et  al  1975)  have  helped  reducing  the 
infection.  Maleic  hydrazide  (Nusbaum  1958;  Peacock  1963;  Davide  and 
Triantaphyllou  1968),  thiourea  (Kochba  and  Samish  1972),  6-azauridine  and  5- 
bromo-2-deoxycytidine  (Bird  and  McGuire  1966),  by  inhibiting  DNA  synthesis  and  cell 
division  in  the  host  cells,  led  to  the  reduced  growth  of  the  larvae.  Such  chemo- 
therapeutic  studies  especially  impairing  larval  activity,  growth  etc  and  influencing  host 
metabolism  towards  reducing  gall  formation,  will  throw  greater  insight  into  the 
problem. 

Since  chemotherapic  measures  with  nematicides  have  certain  pollutary  effects  as 
well  as  create  problems  of  residual  toxicity,  breeding  for  resistance  has  become 
necessary. 

4.4  Genetics  of  resistance 

Van  der  Plank  (1963)  introduced  the  concept  of  two  kinds  of  resistance,  vertical  and 
horizontal.  Vertical  resistance  was  considered  to  be  controlled  by  few  genes  and  to  be 
race-specific.  Horizontal  resistance  was  considered  to  be  controlled  by  many  genes  and 
to  be  species-specific.  Most  nematode-resistant  varieties  (Rohde  1972)  exhibit  vertical 
resistance  (by  way  of  necrosis)  controlled  by  one  or  two  genes.  Variations  in  this  type  of 
resistance  to  different  pathogenic  populations  are  common  and  resistant-breaking 
biotypes  of  pathogens  also  occur.  Horizontal  resistance  is  polygenic.  Though  it  is 
effective  against  all  races  of  pathogens  and  more  preferred,  it  is  difficult  to  be 
introduced  since  the  polygenic  play  is  difficult  to  recognise  and  assess.  It  is  now 
presumed  (Ellingboe  1981)  that  the  horizontal  resistance  is  more  of  an  artifact  and  is 
dependant  on  manner  of  breeding  experiments. 

It  is  needless  to  point  out  that  resistance  is  never  a  permanent  feature,  as  it  breaks 
down  in  the  long  run.  Environmental  extremes  such  as  temperature,  are  known  to 
break  (Dropkin  1969a)  the  built-in  resistance,  so  that  breeding  for  resistance  is  one  of  a 
continued  effort.  Cytokinins  are  also  observed  to  break  the  resistance  leading  to 
susceptibility  (Dropkin  et  al  1969).  As  the  built-in  (genetical)  resistance  seems  to  be 
specific  for  specific  situations  only,  it  follows  that  other  avenues  are  to  be  explored. 
These  avenues  seem  to  centre  around  the  energy  relations  during  pathogenesis,  which 
relations  presumably  have  a  role  in  the  disease  combat. 

4.5     Energy  relations 

The  energy  relations  of  the  redox  enzymes  in  the  susceptible  situations  show  high 
energy  output  which  is  conceivably  connected  with  combat  mechanics  (Kannan  1967 
quoted  by  Wallace  1973),  since  even  under  severe  infection,  the  host  continues  to 
thrive. 

Auxiliary  oxidative  pathways  (Goodman  et  al  1967),  dormant  under  healthy 
conditions,  are  geared  into  action  during  pathogenesis,  resulting  in  a  net  high  energy 
output.  In  fact,  according  to  Goodman  et  al  (1967)  the  pattern  of  redox  enzyme 
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activities  are  same  in  resistant  and  susceptible  relations  except  that,  an  irreversible 
redox  potential  setting  in,  in  the  resistant  situations,  creates  an  unfavourable 
environment  for  the  pathogen,  whose  activity  is  suppressed.  It  is  the  redox  balance  that 
seems  to  be  favouring  pathogenesis.  This  is  the  redox  theory  of  hypersensitivity  based 
on  the  principle  that,  'oxidative  metabolism  participates  in  disease  resistance.' 

That  oxidative  metabolism  participates  in  disease  resistance,  is  shown  by  the  fact 
that  genetical  resistance  is  broken  down  in  the  presence  of  oxidative  enzyme  inhibitors. 

The  very  fact  that  susceptible  hosts  exhibit  high  energy  relations  with  enhanced 
redox  enzyme  activities  and  continue  to  thrive,  show  that  resistance  also  operates  in 
these  situations  at  functional  level  viz  being  brought  to  play  during  pathogenesis  with 
the  interpolation  of  auxiliary  respiratory  chains  (Kannan  1967,  1968a,  b,  1977).  Even 
when  the  genetical  resistance  breaks  (under  certain  environmental  conditions,  enzyme 
inhibitors  etc)  leading  to  pathogenesis,  functional  resistance  must  operate.  The 
genetics  of  the  susceptible  relation  should  then  be  one  of  the  resistance  i.e.  ability  to 
combat  the  infection  being  dormant  genetically,  which  is  Brought  to  surface  action  by 
pathogenic  activity.  This  functional  resistance  thus  is  different  from  the  genetical 
resistance  in  that  it  will  not  break  under  any  circumstances,  but  will  only  show  varying 
functional  velocities  which  are  the  result  of  intricate  pathological  events.  Thus  one 
more  dimension  to  the  concept  of  genetics  of  host-pathogen  relations  can  be  observed 
and  can  be  explored  as  follows: 

If  oxidative  enzyme  inhibitors  diminish  genetical  resistance,  will  it  be  possible  to 
think  of  accelerators  to  boost  redox  enzyme  activities?  The  need  for  such  boosters  is 
that  they  can  shoot  the  energy  relations  to  a  far  extended  manner  to  a  region  of 
irreversible  redox  potential  (as  existing  in  genetical  resistance)  so  as  to  create  a 
noncongenial  situation  for  the  pathogen. 


5.     Conclusion 

In  spite  of  the  complexity  of  the  situations  involved,  the  events  seem  to  centre  around  a 
basic  phenomenon  of  enzyme-substrate  combatibilities.  The  greater  the  combatibility 
the  higher  will  be  the  pathogenic  effect  and  vice  versa,  determining  the  susceptible/ 
resistance  relations.  Such  enzyme-substrate  associations,  necessarily  involve  energy 
bonding,  coupled  with  lock  and  key  mechanisms.  The  preponderance  of  energy 
interplay  during  oxidative  metabolism  seems  to  facilitate  such  situations,  more 
favourably  in  susceptible  relations.  The  magnitude  of  energy  play  can  be  inferred 
through  synthetic  phenomena  such  as  the  build  up  of  the  proteins  and  reductase 
activities.  The  reductases  involved  in  synthesis  probably  draw  the  energy  existing  in  the 
pathogenic  environment.  Wet  combustion  studies  and  enhanced  reductases  activity 
indicate  the  availability  and  utilization  of  large  quantities  of  energy  (Kannan  and 
Chandraguru  unpublished  data).  Such  studies  have  also  shown  the  differences  in  water 
relations/dry  weight,  metabolites  and  respiration.  Similar  varied  metabolic  activities 
have  also  been  reported  (Ishibashi  and  Shimizu  1970),  indicating  the  gall  to  be  a  site  of 
active  metabolic  sink.  These  results  clearly  indicate  the  energy  relations  existing  in  the 
gall,  reflecting  the  dynamic  aspects  of  its  metabolism. 

Electrical  energy  playing  an  important  role  is  responsible  for  the  structural 
organization  as  well  as  the  functional  aspects  of  the  organism.  Ranging  from  Van  der 
Waal's  forces,  hydrogen  energy  and  covalent  bonds,  the  energy  is  involved  in  both 
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structure  and  metabolic  functions.  The  permeability  relations  of  the  host  plants  centre 
around  ionic  and  water  flux  and  electrophysiological  studies  show  varied  action 
potentials  ( Jones  et  al  1 974)  and  changed  permeability  (Wang  et  al  1 975)  with  the  onset 
of  infection.  Such  changed  permeabilities  are  also  reflected  in  the  high  dry  weight 
content  in  the  galls,  reduced  water  content  in  the  xylem  vessels  with  reduced  cytokinin 
activity.  Impaired  transport  of  reduced  cytokinins  to  the  shoot  system  along  with 
reduced  water  and  nutrients  are  ultimately  reflected  in  wilting,  poor  growth  and 
reduced  production.  These  features  pertain  to  the  absorption  functions  of  the  root 
based  on  its  permeability.  Under  such  conditions,  electrophysiological  variations  such 
as  changed  action  potentials  induced  by  ions,  acetylcholine  etc,  (Bird  1974)  can  be 
envisaged.  The  host  environment  may  then  be  pictured  as  a  reservoir  of  energy,  where 
various  forces  of  this  energy  may  be  involved  in  attraction  and  repulsion  of  the 
different  molecules  suspended  in  the  protoplasm.  Polymerization  (synthesis),  de- 
polymerization  (catalysis),  enzyme-substrate  combinations  etc  all  occurring  in  this 
electrical  environment  facilitates  the  pathogenic  enzyme  (histones)  to  combine  with  the 
nucleohistones  of  the  host  to  bring  about  an  alteration  in  the  genetic  coding  resulting  in 
a  ^differentiation  as  seen  in  susceptible  conditions  and  why  the  same  pathogenic 
histone  protein  is  unable  to  have  its  full  effect  on  the  nucleoprotein  of  the  host  as 
observed  in  resistant  relations  will  be  a  very  exciting  field  of  study.  It  looks  as  if  it  is  the 
electrical  attraction  or  repulsion  forces  that  seem  to  determine  whether  the  pathogen's 
enzyme  molecule  will  have  a  full  impact  on  the  substrate  or  whether  it  is  going  to  be 
masked  by  intermediate  break-down  products  like  disaccharides  etc.  These  electrical 
forces  have  a  bearing  on  the  water  relations  of  the  host  as  well  as  its  nutrition.  Ions  are 
electrically  charged  and  ionic  flux  is  always  associated  with  water  flux  and  ionic  flux 
creates  an  electrical  flux.  Thus  the  problem  of  thorough  understanding  of  pathogenesis 
and  control  measures  to  be  employed  seem  to  centre  around  the  intricate  elec- 
trophysiological relations,  involving  permeability,  nutrition,  enzyme-substrate  combi- 
nations etc. 

Goodman  et  al  (1967)  commenting  on  the  pattern  of  events  especially  the  activity  of 
redox  enzymes  through  which  electrical  energy  output  takes  place  stated  that  the 
events  are  common  practically  for  all  pathogenesis,  irrespective  of  the  pathogen  and 
also  to  be  the  same,  when  a  mechanical  injury  is  made.  In  all  these  cases  including  the 
last  one,  it  may  be  visualized  that  the  situation  is  one  of  the  confrontation  of  a  native 
protein  with  the  foreign  protein  similar  to  that,  occurring  in  immunological  relations. 
The  relative  combatibility  of  these  two  molecules  ultimately  determine  the  pathogenic 
relations  and  this  combatibility  again  is  determined  by  the  electrical  charges  of  the 
molecular  components. 

It  may  then  be  visualized  that  any  agent  changing  the  electrical  situation  of  the 
environment  will  have  an  impact  on  the  enzyme-substrate  combatibilities.  The  various 
chemotherapeutic  studies,  the  possible  significance  of  catalytic  repression  by  break- 
down products,  the  genesis  of  proteins,  isozymes  and  phenolics  etc.,  probably  get 
themselves  involved  in  promoting/altering  the  electrical  situation  so  as  to  vary  the 
kinetics  of  the  pathogen's  enzyme,  such  that  its  substrate  combination  combatibilities 
are  altered  resulting  in  lesser  catalysis  which  is  expressed  macroscopically  as  reduced 
damage  and  which  is  interpreted  in  terms  of  resistance. 

To  sum  up,  it  may  be  stated  that  the  pathogenesis  consists  of  complex  events 
involving  intricate  electrodynamic  phenomena  generated  from  within,  by  the  inter- 
action of  molecules,  so  that  the  future  of  this  problem  of  plant  pathology  seems  to  rest 
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in  the  electrophysiological  directions  which  will  explain  all  phenomena  pertaining  to 
the  metabolism  of  the  healthy  host  as  well  as  the  diseased  one.  Control  measures 
therefore  require  a  thorough  understanding  of  these  aspects  of  electrodynamics  of 
metabolism. 
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Thrips-fuBgus  interactions  with  special  reference  to  their  vector 
potential 

T  N  ANANTHAKRISHNAN  and  G  SURESH 

Entomology  Research  Institute,  Loyola  College,  Madras  600034,  India 

Abstract.  Vector  potential  of  mycophagous  thrips  as  well  as  the  nature  of  thrips-fungus 
interactions,  in  relation  to  the  carrying  of  the  fungal  pathogens  such  as  Lasiodiplodia 
theobromae,  Pestalotia  sp.,  Aspergillus  sp.,  and  Penicilliwn  sp.,  are  discussed. 

Keywords.  Vector  potential;  mycophagous  thrips;  thrips-fungus  interactions;  plant  patho- 
genic fungi. 


1.    Introduction 

The  ability  of  mycophagous  thrips  in  general  to  exploit  a  variety  of  niches  and  the 
adaptational  trends  involved  therein,  particularly  regarding  their  feeding  and  breeding 
biology  are  of  considerable  significance  in  view  of  their  associations  with  plant 
pathogenic  fungi.  Mycophagous  thrips  through  such  associations  in  habitats  like  litter, 
bark  and  dry  twigs  in  forest  ecosystems  assumes  greater  importance  in  terms  of 
incidental  transmission  of  species  of  plant  pathogenic  fungi  by  'external  contami- 
nation' (sensu  Carter  1973)  during  their  feeding.  The  relationship  between  the  insect 
and  the  fungus  is  apparently  closer  in  view  of  their  dependence  on  fungal  food. 
Although  extensive  work  on  the  taxonomy  and  distribution  of  mycophagous  thrips  is 
on  record  during  the  last  three  decades  or  more,  (Ananthakrishnan  1973;  Mound 
1974a,  b;  Mound  and  Palmer  1983;  Palmer  and  Mound  1978)  information  on  the 
nature  of  their  associations,  in  particular  their  vector  relations  appear  very  restricted. 
The  large  number  of  such  species  reported  from  various  geographical  regions  in 
particular  the  tropics,  occupy  a  wide  variety  of  niches  which  offer  protection  and 
fungal  food.  The  tendency  to  form  aggregations  is  typical  of  some  mycophagous 
species  like  Tiarothrips  subramanii,  Bactrothrips  idolomorphus,  and  Priesnerina 
kabandha  and  such  aggregations  therefore  provide  an  opportunity  for  multiplication 
of  the  species.  Dispersal  of  such  aggregates  involving  movement  to  fresh  niches, 
necessarily  facilitate  fungal  spore  dissemination,  being  carried  on  various  parts  of  the 
body.  In  view  of  the  constant  association  of  mycophagous  thrips  with  plant  pathogenic 
fungi  (Ananthakrishnan  and  William  James  1983;  Ananthakrishnan  et  al  1983; 
Ananthakrishnan  and  Suresh  1983;  Suresh  and  Ananthakrishnan  1983),  the  indirect 
role  played  by  mycophagous  species  in  dissemination  cannot  be  overruled. 


2.    Do  mycophagous  thrips  act  as  vectors  of  fungal  plant  pathogens? 

Field-oriented  studies  of  forest  and  some  plantation  ecosystems  in  some  parts  of 
southern  India  (ranging  in  altitude  from  sea  level  to  2000  m  above  mean  sea  level) 
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indicated  two  major  component  parts  inhabited  by  mycophagous  Thysanoptera  i.e., 
(i)  drying  and  decaying  leaf  litter  and  (ii)  loose  bark,  dead  and  decaying  twigs  and 
branches  of  trees.  Because  of  the  availability  of  both  protection  and  food  for  the  thrips 
species  occupying  these  habitats,  it  is  important  to  recognise  the  inoculum  build  up  in 
certain  habitats,  by  associated  plant  pathogenic  fungi,  by  their  effective  saprophytic 
growth  potential  at  the  niches  inhabited  by  thrips.  This  in  turn  promotes  effective, 
though  incidental,  dispersal  of  the  fungal  propagules  to  fresh  live  host  plants  growing 
near  such  sites.  Such  site  selection  both  for  protection  and  food  is  exemplified  by 
species  like  Dinothrips  sumatrensis  which  was  found  inhabiting  drying  and  decaying 
bark  and  twigs  of  different  host  plants  i.e.,  Anacardium  occidental,  Piper  nigrum, 
Mangifera  indica,  Hevea  braziliensis,  Mallotus  alba  and  Lannea  coromandelica, 
harbouring  heavy  saprophytic  growth  (in  turn,  heavy  inoculum  build-up  takes  place 
through  production  of  large  numbers  of  pycnidia  and  conidia)  of  Lasiodiplodia 
theobromae.  In  species  like  Tiara  thrips  subramanii,  the  polyphagous  food  requirements 
are  met  within  a  single  host  species  and  hence  their  distribution  seems  restricted  to 
drying  leaves  of  Borassus  flabellifer  (where  inoculum  build  up  through  fructifications 
of  pathogenic  fungi  takes  place  in  large  quantities).  Within  the  same  host  plant  the  site 
selection  by  different  mycetophagous  species  differ  in  relation  to  the  fungal  flora 
present  as  in  Areca  catechu  leaves  (table  1).  The  specificity /diversity  of  site  selection  by 
diverse  mycophagous  thrips  species  in  adjacent  habitats  (as  in  Dinothrips  sumatrensis 
inhabiting  different  host  sites  near  plantations  of  live  host  plants)  is  indicative  of 
'between  habitat'  diversity  (sensu  MacArthur  1965)  which  suggests  that  thrips  are 
more  sensitive  to  small  differences  in  microclimate.  Site  selection  within  a  habitat  by 
diverse  species  was  also  exemplified  by  mycetophagous  and  sporophagous  species  (as 
in  Areca  leaves),  inhabiting  different  sites  of  the  same  habitat  at  different  times,  which 

Table  1.     Distribution  of  mycophagous  thrips  and  species  of  fungi  in  different  niches  of  Areca  catechu 
leaves. 


Niches  inhabited 


Thrips  species 


Associated  fungal  species 


Drying  rachis  of 

Stictothrips  fimbriata 

Aspergillus  flavus 

crown  leaves 

Ecacanthothrips  tibialis 

Aspergilius  sp. 

Mucor  sp. 

Macrophoma  sp. 

Yellowing  and  drying 

Stictothrips  fimbriata 

A.  niger 

crown  leaves 

Elaphrothrips  denticollis 

A.  flavus 

Mecynothrips  simplex 

Aspergillus  sp. 

Penicillium  sp. 

Pithomyces  sp. 

Pestalotia  sp. 

Drying  rachis  of 

Ecacanthothrips  tibialis 

A.  flavus 

fallen  leaves 

Stigmothrips  limpidus 

Aspergillus  sp. 

Hoplandrothrips  fldvipes 

Mucor  sp. 

Macrophoma  sp. 

Drying  fallen  leaves 

Elaphrothrips  denticollis 

A.  niger 

Stigmothrips  limpidus 

A.  flavus 

Mecynothrips  simplex, 

Aspergillus  sp. 

Penicillium  sp. 

Pithomyces  sp. 
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again  probably  implies  that  the  thrips  within  a  habitat,  are  more  sensitive  to  and  thus 
recognize,  changes  (in  particular  the  food  requirements)  that  define  microhabitats. 
Such  'within  habitat  changes'  may  induce  dispersal  of  some  solitary /aggregated  species 
facilitating  in  turn  the  dissemination  of  the  fungal  propagules  through  incidental 
carrying.  Such  dispersive  movements  were  evident  in  species  like  Loyolaia  indica, 
Priesneriana  kabandha  and  Elaphrothrips  denticollis  which  tend  to  feed  on  spores  of 
plant  pathogenic  fungal  species  such  as  Fusariwn  oxysporum  (causing  post  emergence 
damping  off  of  Acacia  dealbata,  and  wilt  ofDalbergia  sissoo  seedlings),  Penicillium  sp., 
(seed  pathogen  of  forest  trees),  Pestalotia  sp.,  (causing  leaf  spot  disease  of  areca  leaves 
and  leaf  spots  of  cashew  leaves),  Phomopsis  tectonae  (causing  leaf  spot  disease  in 
Tectona  grandis),  and  Cytospora  sp.  (nursery  pathogen  of  Eucalyptus  sp.).  Dispersive 
behaviour  of  such  species  can  be  of  extreme  importance  in  view  of  the  plant  pathogenic 
spore  carrying  ability  of  thrips  and  the  presence  of  some  of  the  above  mentioned 
susceptible  plantation  and  forest  trees  near  such  selected  sites  inhabited  by  mycophag- 
ous thrips  species. 

In  so  far  as  has  been  known  to  the  authors,  studies  on  the  aspects  relating  to  the 
feeding  diversity  of  different  sporophagous  thrips  species  have  indicated  highly 
restricted  feeding  preferences  coupled  with  the  dispersive  movements  to  diverse  host 
plants  (as  in  Dinothrips  sumatrensis),  restricted  feeding  preferences  coupled  with 
dispersive  movements  (as  in  Elaphrothrips  denticollis  and  Priesneriana  kabandha) 
and  oligophagous  feeding  with  restricted  dispersive  movements  (as  in  Tiarothrips 
subramanii).  Feeding  restrictions  along  with  dispersive  movements  to  different 
susceptible  host  plants  might  facilitate  easier  dispersal  of  propagules  of  fed  plant 


ZIZYPHUS 
OENOPLF4 


Figure  1.    Diagrammatic  representation  of  the  sporophagous  thrips  associated  with  plant 
pathogenic  fungi  with  their  respective  host  plants. 
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Figure  3. 
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Figure  3.  Dinothrips  sumatrensis  carrying  spores  of  Lasiodiplodia  theobromae  on  its  A.  IXth 
segment  and  base  of  the  tube  with  spores  attached  B.  body  setae,  C.  wings,  D.  an  antennal 
segment  and  E.  portion  of  foretibia. 
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pathogenic  fungi  as  well  as  other  species  available  at  the  niches  inhabited  (for  details  of 
species  of  fungal  pathogens  refer  figure  1).  Hence  recognition  of  their  fungal  food 
namely,  the  spores,  by  sporophagous  Thysanoptera  is  of  considerable  importance  in 
determining  their  vectorial  status. 

Scanning  electron  microscopic  studies  of  mouthparts  with  special  reference  to  the 
sensory  areas  of  the  maxillary  and  labial  palps  as  well  as  around  the  mouth  determines 
spore  selectivity.  A  preliminary  investigation  revealed  the  presence  of  such  structures 
and  their  distribution  in  Loyolaia  indica  (figure  2).  Spores  which  constitute  the 
principal  inoculum  of  pathogenic  fungi  are  present  in  extremely  variable  appearance 
being  adapted  to  many  different  types  of  dissemination..  SEM  studies  of  spores  of  some 
of  the  principally  occurring  fungal  species  at  the  niches  inhabited  by  mycophagous 
idolothripines  indicated  such  diverse  patterns,  i.e.,  with  external  ornamentations 
(Aspergillus  sp.),  with  appendages  (Pestalotia  sp.),  sticky  types  of  spores  (Lasiodiplodia 
theobromae)  and  with  smooth  surface  (as  in  Fusarium  Polyporus  sp.  and  Penicillium) 
(figure  4).  Spore  carrying  potential  on  the  body  surface  by  sporophagous  idolothri- 
pines also  depends  on  the  number  and  distribution  of  the  body  setae  (figure  3)  and  their 
body  ornamentation  if  any  (as  in  Stictothripsfimbriata).  In  Dinothrips  sumatrensis,  the 
spores  of  Lasiodiplodia  theobromae  were  found  sticking  to  the  body  setae,  antennal 


Figure  4.  Spores  of  some  plant  pathogenic  fungi  associated  with  mycophagous  thrips,  A  and 
B  -TS  and  LS  of  the  hymenial  cavity  of  Polyporus  sp.  showing  basidiospores  borne  on  the 
basidia  (fed  by  Hoplothrips  fungosus)  (x  750  and  x  1500  respectively),  C.  spores  of 
Aspergillus  niger  showing  surface  ornamentations  ( x  3000),  D.  Spores  of  Lasiodiplodia 
theobromae  (x  1000). 
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setae,  antennae,  legs,  wings,  tube  setae,  and  the  tube  itself,  both  individually  as  well  as 
in  clusters  (figure  3).  Observations  also  revealed  the  presence  of  only  spores  of 
Lasiodiplodia  theobromae  sticking  to  the  body  surface  of  this  thrips.  Analyses  of  litter- 
thrips-fungus  associations  revealed  associations  involving  diverse  groups  of  plant 
pathogenic  fungi  including  Ascomycetes,  Coelomycetes,  Hyphomycetes,  Basidiomycetes 
and  in  some  cases  Zygomycetes.  A  diagrammatic  representation  of  the  sporophagous 
thrips  associated  with  plant  pathogenic  fungi,  with  their  respective  host  plants  is 
provided  (figure  1)  which  is  self-explanatory  of  the  incidental  mechanical  vectorial 
status  of  some  sporophagous  Thysanoptera. 
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Mycoplasma  and  allied  diseases  of  forest  trees  in  India  and  vector- 
host-pathogen  interactions 

P  K  SEN-SARMA 

Forest  Research  Institute,  Dehra  Dun  248006,  India 

Abstract.  Mycoplasma  and  allied  diseases  of  forest  trees  in  India  have  been  described.  MLO 
disease  has  been  intensively  studied  in  'sandal'  (Santalum  album  L.).  Other  forest  trees 
showing  typical  MLO  etiology  are  'toon'  (Toona  ciliata),  Acacia  catechu,  A.  mearnsii, 
Eucalyptus  grandis  and  E.  tereticornis.  Disease  symptoms,  collateral  hosts,  transmission  tests 
with  possible  insect  vectors  and  vector  biology  have  been  described  for  sandal  spike  disease. 
Reasons  for  contradictory  results  for  sandal  spike  vectors  have  been  discussed  and  possible 
lines  of  vector  search  for  woody  plants  are  described.  Vector-host-pathogen  interactions  have 
been  reviewed.  During  the  feeding  process,  phloem  cells  are  punctured,  torn  and  disturbed  by 
vectors.  The  hypertrophy  of  the  plant  cells  around  the  site  of  puncture  is  caused  by  the  action 
of  injected  salivary  secretion.  Vector  borne  procaryotic  disease  pathogens  multiply  within  the 
vectors  and  circulate  through  a  sequence  of  tissues  and  organs  of  vectors  when  the  latent 
period  of  pathogen  is  long.  These  initiate  both  harmful  and  beneficial  interactions  within  the 
vector.  Possible  lines  of  research  to  fill  up  the  existing  lucunae  for  insect  vectors  of 
mycoplasma  and  allied  diseases  of  forest  trees  and  vector-host-pathogen  interactions  have 
been  discussed. 

Keywords.  Mycoplasma  and  allied  diseases;  forest  trees;  sandal  spike;  toon  witches  broom; 
Eucalyptus  littleleaf;  insect  vectors;  vector-host-pathogen  interactions. 


1.     Introduction 

Mycoplasma  and  allied  diseases  of  plants  are  in  general  associated  with  chlorosis, 
reduction  of  leaf-lamina,  shortening  of  internodes,  floral  phyilody  and  viriscence, 
stunting  and  witches'  broom  phenomenon.  Prior  to  the  epoch-making  discovery  of 
Doi  et  #/(1967),  all  "yellows  diseases"  were  considered  as  of  viral  origin  on  the  basis  of 
circumstantial    evidence    like    their    filterability    and   transmission    by    grafting. 
Mycoplasma  and  allied  pathogens  are  now  included  in  the  class  Mollicutes,  The 
fundamental  characteristics  of  Mollicutes  are  the  absence  of  a  distinct  cell  wall  and 
their  inability  to  synthesize  the  peptidoglycan  polymer  or  its  precursors  (Maramorosch 
1981).  The  Japanese  workers  (Doi  et  al  1967;  Ishii  et  al  1967;  Nasu  et  al  1967)  were  the 
first  to  demonstrate  that  these  pathogens  do  not  contain  cell  wall,  are  pleomorphic  in 
outline  and  are  present  primarily  in  the  sieve  elements  of  plants,  and  the  diseased  plants 
respond  to  tetracycline  treatment  that  leads  to  temporary  remission  of  disease 
symptoms  in  plants.  These  pathogens  have  been  found  occurring  in  more  than  200 
plant  species  and  numerous  arthropods  (Nienhaus  and  Sikora  1979).  Among  the  forest 
trees,  spike  disease  of  'sandal'  in  India  and  Paulownia  witches'  broom  in  Korea  are 
well-known  and  well  investigated.  In  addition  to  'sandal',  other  forest  trees  exhibiting 
typical   symptoms   of  mycoplasma   and   allied  diseases   are   Acacia   catechu  at 
Marashettihally  in  Karnataka,  A.  mearnsii  in  Kodaikanal  Hills  of  Tamil  Nadu, 
Eucalyptus  grandis  in  the  Nilgiris  of  Tamil  Nadu,  E.  teretecornis  in  plantations  along 
the  highways  and  canals  in  Haryana  and  Punjab,  and  in  and  around  Jaipur  in 
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Rajasthan,  avenue  trees  of  Toona  ciliata  at  Kalyani  township  in  West  Bengal,  and 
bamboos  in  some  parts  of  India  (Nayar  1973;  Mukhopadhyaya  et  al  1911  \  Bakshi  et  al 
1972;  Rehill  and  Sen-Sarma  1982). 

It  has  been  established  that  these  pathogens  are  often  present  in  the  insect  vectors 
which  transmit  the  disease  agents  from  one  plant  to  another.  Therefore,  pathogen- 
vector  interactions  are  major  components  of  epidemiology  of  these  plant  diseases. 
Further,  pathogen-vector  relationship  assists  in  characterising  the  pathogen  (Purcell 
1982).  Almost  all  the  vectors  so  far  implicated  for  transmission  of  mollicute  plant 
pathogens  belong  to  the  insect  order  Homoptera  which  are  primarily  phloem  feeder. 
Among  the  homopterans,  the  family  Cicadellidae  (suborder  Auchenorrhyncha)  has 
majority  of  the  recorded  vectors  (Nielson  1968, 1979).  A  few  vectors  belonging  to  the 
family  Psyllidae  have  also  been  recorded  as  transmitting  MLO  agency  (Capoor  et  al 
1967).  The  only  aphid  transmitted  MLO  disease  is  the  grassy  shoot  disease  (GSD)  of 
sugarcane  (Chona  et  al  1960;  Singh  and  Shukla  1970). 

In  this  paper  an  attempt  has  been  made  to  evaluate  the  available  information  on  the 
mycoplasma  and  allied  diseases  of  some  forest  trees  in  India,  the  suspected  and 
recorded  vectors  of  these  diseases,  the  biology  and  ecology  of  the  vectors,  transmission 
studies,  and  vector-pathogen-host  interactions.  Further,  possible  lines  of  future 
research  have  been  outlined. 


2.    MLO  diseases  affecting  forest  trees 

2.1     Sandal  spike 

Sandal  (Santalum  album  L),  well-known  for  its  aromatic  oil  obtained  from  distillation 
of  heartwood  and  roots,  is  affected  by  a  devastating  disease  which  is  caused  by  a  MLO 
agent  (Dijkstra  and  le  1969;  Hull  et  al  1969;  Varma  et  al  1969). 

This  disease  which  was  first  observed  in  Coorg  at  the  turn  of  the  eighteenth  century 
by  McCarthy  has  now  spread  to  many  areas  of  Karnataka  and  Tamilnadu.  Recently, 
the  disease  has  been  reported  from  Kerala  in  Marayoor  area  (Rehill  and  Sen-Sarma 
1982  quoting  Times  of  India  31 .10.81).  Muniappa  et  al  (1980)  carried  out  sandal  spike 
disease  survey  in  Karnataka  during  1976-1979.  Sampling  methods  followed  were 
(i)  systematic  line  plot  sampling,  (ii)  stratified  sampling  and  (iii)  complete  enumeration 
depending  on  the  forest  types.  Based  on  this  survey,  they  concluded  that  the  average 
incidence  of  spiked  sandal  trees  was  8-51  %.  Sen-Sarma  et  al  (1978)  have  reported  that 
using  colour  IR  diapositive  film  and  yellow  (Wratten  12)  filter  from  a  height  of  600  m 
(scale  1 : 7500),  more  than  2  m  tall  sandal  trees  could  be  distinguished  from  the 
surrounding  plant  species  with  95  %  accuracy.  Diseased  plants  could  be  identified  by 
their  dull  pink  colour  (clear  pink  in  healthy  trees).  IR  black  and  white  film  could  also  be 
used  profitably.  According  to  Raychaudhuri  and  Varma  (1980),  this  method  has  the 
potentiality  of  providing  fairly  accurate  estimates  of  incidence  of  diseased  trees  in 
natural  forests.  The  method  is  not  time-consuming  and  tedious. 

Sandal,  being  a  semiroot  parasite,  is  capable  of  parasitising  a  large  number  of  tree 
species  including  herbaceous  weeds  (Bhatnagar  1965).  Sandal  trees  are  slow  growing 
and  oil  can  be  extracted  from  trees  having  a  minimum  of  15-20  yrs  growth.  Natural 
stands  of  sandal  primarily  occur  in  bushy  forests  on  rocky  and  gravelly  soils  (Sen- 
Sarma  1977b). 
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2.2     Disease  symptoms 

The  most  conspicuous  symptoms  in  diseased  trees  are  the  reduction  in  leaf-lamina  with 
a  characteristic  length  breadth  ratio,  shortening  of  internodes  resulting  in  spike-like 
appearance  in  affected  branches,  non-occurrence  of  fruits  and  flowers  in  infected 
branches  with  occasional  development  of  viriscent  or  phylloid  flowers  in  branches  that 
are  affected  after  initiation  of  flowering,  necrosis  of  phloem  tissues  and  shrivelling  up 
or  discontinuation  of  haustorial  connections  with  the  host  plant /plants.  Most  of  these 
symptoms  develop  during  April  to  June  which  are  also  the  months  of  plant  growth. 
Disconnection  with  haustoria  results  in  death  within  1-5  yr  after  infection  depending 
upon  the  age  of  the  sandal  tree.  Some  sandal  trees  mask  the  manifestation  of 
external  symptoms  which  can  be  forced  out  by  prunning  or  pollarding  (Sen-Sarma 
1977b).  A  stain  reaction  for  easy  and  field  detection  of  suspected  spike  disease  has  been 
developed  by  Parthasarathi  et  al  (1966).  Free  hand  sections  of  healthy  and  spiked 
sandal  twigs  when  stained  with  carbol  thionin,  giemsa  or  Mann's  stain  show  clear 
differences  between  healthy  and  spiked  twigs,  Mann's  stain  giving  the  best  differential 
staining.  Diseased  twigs  stain  violet  and  healthy  twigs  pink. 

Proliferation  of  phloem  tissues  in  diseased  plants  due  to  increased  production  of 
secondary  phloem  has  also  been  recorded  by  Dijkstra  and  Van  der  Want  (1970),  and 
Hiruki  and  Dijkstra  (1973a)  and  this  results  in  development  of  necrotic  areas  mainly 
consisting  of  collapsed  sieve-tubes  (Narasimhan  1954).  Higher  cellulose  content  has 
been  observed  in  sieve-tubes  proximate  to  these  necrotic  areas  in  periwinkle,  a 
collateral  host  of  sandal  spike  (Hiruki  and  Dijkstra  1973b).  The  disease  also  increases 
the  starch  content  of  leaf  parenchyma,  pith  and  medullary  rays  in  sandal  (Narasimhan 
1954).  Fluorescence  microscopy  provides  a  very  useful  method  in  detecting  infection. 
Even  apparently  healthy  parts  of  diseased  plants  give  a  positive  reaction  for  callose 
showing  typical  fluorescence,  when  stained  with  aniline  blue  (Dijkstra  and  Hiruki 
1974). 


2.3     Ecology  of  sandal  spike  disease 

As  is  very  well-known,  sandal  is  a  semiroot  parasite.  It  can  possibly  survive  for  the  first 
year  without  haustorial  connections.  But  during  the  remaining  period  of  its  life,  a 
sandal  tree  maintains  haustorial  connections  as  many  as  200  times,  notwithstanding 
stray  records  of  haustoria-less  plants  surviving  in  nature  as  well  as  under  laboratory 
conditions.  A  good  deal  of  work  was  carried  out  during  the  thirties  and  forties  to 
determine  whether  the  host-plants  impart  any  immunity  to  the  sandal  tree  in  respect 
of  spike  disease.  Many  workers  (Mathew  1955;  Muthana  1955;  Sreenivasaya  1948) 
have  recorded  that  incidence  of  disease  is  greater  in  areas  where  Lantana  camera  is 
the  dominant  host  species.  The  possible  explanations  for  this  seem  to  be  as  follows: 
(i)  The  inadequate  supply  of  nutrient  to  sandal,  Lantana  being  a  xerophytic  type, 
(ii)  increase  in  the  incidence  of  insect  vectors  due  to  paucity  of  insectivorous  birds 
(Sreenivasaya  1948)  and  (iii)  greater  build-up  of  inoculum,  Lantana  being  a  symptom- 
less  carrier  of  the  disease  pathogen  (Nayar  and  Srimathi  1968). 

The  most  important  ecological  factor  of  sandal  spike  pathogen  is  the  occurrence  of 
several  collateral  hosts  in  the  natural  sandal  forests.  The  plants  showing  identical 
"yellows"  symptoms  are  Allamanda  cathertica,  Acacia  spp.,  Catharanthus  roseus, 
Dendrocalamus  strictus,  Dichrostachys  cinerea,  Dodonea  viscosa,  Scutia  indica, 
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Stachytarpheta  indica,  Ziziphus  oenoplea,  etc.  (Rangaswami  and  Griffith  1941;  Hull  et 
al  1970;  Ghosh  et  al  1977;  Nayar  1973;  Sen-Sarma  1977a).  Experimental  transmission 
of  the  disease  agent  from  the  diseased  Catharanthus  roseus  and  Ziziphus  oenoplea  to 
healthy  sandal  and  vice  versa  through  doddar  was  also  achieved  (Dijkstra  and  Lee 
1972;  Sen-Sarma  1977b). 

2.4     Vector  transmission 

Although  the  discovery  of  vectors  of  plant  diseases  is  always  a  difficult  task  (Turner 
1949;  Tsai  1979),  the  difficulties  are  more  acute  for  diseases  of  woody  plants 
(Whitcomb  and  Coan  1982).  The  problems  normally  associated  with  the  search  of 
vectors  of  woody  plants  are  long  incubation  period  (Carter  and  Suah  1964)  of  the 
vector-borne  pathogens  in  plants,  irregular  association  of  vector /vectors  with  the  host 
(Kunkel  1933),  low  frequencies  of  acquisition  (Jensen  1957)  by  vectors  feeding  on  the 
diseased  plants  and  low  frequencies  of  transmission  by  inoculative  insects  (Howard 
and  Thomas  1980).  These  difficulties  primarily  arise  from  the  complexity  of  woody 
host  plants  that  may  have  a  few  susceptible  cells  at  any  given  time,  and  may  have 
relatively  fewer  number  of  cells  having  high  concentration  of  viable  pathogenic  agent. 
These  facts  are  evidenced  from  the  electron  microscopic  studies  on  wall-less 
prokaryotes  diseases  of  woody  plants  (Breakbane  et  al  1972;  Heinze  et  al  1972;  Plavsic- 
Benjac  et  al  1972)  showing  low  concentration  and  irregular  distribution  of  causal 
agents  (Jones  et  al  1974;  Wilson  et  al  1972).  The  contradictory  findings  in  respect  of 
sandal  spike  vectors  reported  by  various  investigators  may  be  considered  keeping  these 
in  view.  These  difficulties  were  also  encountered  by  many  while  searching  for  the  vector 
of  the  coconut  lethal  yellowing  disease  (Tsai  1979;  Howard  and  Thomas  1980). 

That  the  sandal  spike  disease  is  vector-transmitted  in  nature  was  suspected  by  earlier 
workers  when  trap-plants  in  nature  got  infected  (Sreenivasaya  and  Rangaswami  1934). 
Consequently,  extensive  studies  on  insect  fauna  associated  with  sandal  were  carried 
out  and  more  than  200  species  of  possible  insect  vectors  were  screened  for  their  ability 
to  transmit  spike  disease.  These  studies  conclusively  proved  that  the  possible  insect 
vector /vectors  of  sandal  spike  disease  frequent  sandal  plants  only  at  night  and  the 
vectors  are  not  very  common  in  the  sandal  forest.  Insects  that  produced  spiked 
symptoms  in  transmission  tests  are  Moonia  albimaculata  (Dover  and  Appana  1934), 
Coelidia  indica  (=  Jassus  indicus)  (Rangaswami  and  Griffith  1941)  and  Nephotettix 
virescens  (Shivaramakrishnan  and  Sen-Sarma  1978;  Sen-Sarma  1981).  Suspected 
spike-like  symptoms  were  also  obtained  through  Coccosterphus  tuberculatus ,  Nezera 
viridula  (Chatterjee  1940)  and  Macrosiphum  sp  (Dover  and  Appana  1934). 
Raychaudhuri  and  Varma  (1980)  while  reviewing  the  transmission  studies  carried  out 
by  Shivaramakrishnan  and  Sen-Sarma  (1978)  are  of  the  opinion  that  the  investigations 
undoubtedly  produced  genuine  infection  in  the  test  plants,  though  the  technique  was 
not  sophisticated.  On  the  contrary  Muniappa  et  al  (1980)  reported  negative  results 
while  repeating  transmission  tests  using  M.  albimaculata,  C.  indica  and  N.  virescens. 
They,  however,  used  nymphal  stage  for  acquisition  feeding  instead  of  adults.  It  may  be 
noted  that  C.  indica  does  not  occur  in  South  India  (Nielson,  in  litt).  Therefore,  the 
identity  of  the  so-called  C.  indica  used  by  Muniappa  et  al  (1980)  is  doubtful. 

Vector  transmission  can  be  categorised  into  the  following  sequential  phases  (a) 
acquisition,  (b)  latency  and  inoculation  (Purcell  1982).  A  vector  may  acquire  the 
pathogen  transovarially  or  by  feeding  on  a  infected  plant.  Transovarial  transmission  in 
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the  leafhopper  though  postulated  by  Frazier  and  Posnette  (1957)  and  Posnette  and 
Ellenberger  (1963)  has  been  doubted  by  Chiykowski  (1981).  Thus,  most  acquisition 
takes  place  through  feeding  of  the  infected  plants. 

2.4(3  Transmission  with  Moonia  albimaculata:  Out  of  seven  plants  exposed  to 
transmission  studies  with  M.  albimaculata,  only  one  plant  developed  typical  spike-like 
symptoms  (Dover  and  Appana  1934).  However,  this  was  not  confirmed  by  retransmis- 
sion to  healthy  plants  by  grafting  (Sen-Sarma  1981).  Subsequent  experiments  by 
Rangaswami  and  Griffith  (1941)  indicate  that  spike-like  symptoms  might  have 
manifested  due  to  mass-feeding. 

2Ab  Transmission  with  Coelidia  indica:  Twenty  nine  adults  released  in  batches  of 
two  or  three  were  used  in  a  wire  mesh  cage  for  acquisition  feeding  for  20  days.  They 
were  released  to  healthy  sandal  plants  grown  with  Acacia  farnesiana  as  the  host  plant 
for  inoculation  access.  After  about  60-90  days,  only  four  plants  exhibited  typical 
disease  symptoms.  The  disease  was  successfully  transmitted  from  vector  infected 
plants  to  healthy  plants  by  leaf  and  bud  grafting.  All  the  insect-transmitted  diseased 
plants  died  within  2-4  months  (Rangaswami  and  Griffith  1941). 

2.4c  Transmission  with  Nephotettix  virescens:  During  1973-1975  Sen-Sarma  tested 
N.  virescens  for  transmission,  as  these  insects  were  frequently  observed  in  light-traps  in 
spiked  areas.  Shivaramakrishnan  and  Sen-Sarma  (1978)  obtained  infection  in  twelve 
plants  out  of  fifteen  tested  using  60  viruliferous  leafhoppers  per  test  plant.  Sandal  test 
plants  (3-5  years  old)  were  grown  in  pots  along  with  Pongamiapinnata  (Syn.  P.  glabrd) 
as  the  host  plant.  Vector-induced  disease  could  be  transmitted  from  these  test  plants  to 
another  set  of  test  plants  by  bud  grafting,  thus  confirming  infection  through  the  vector. 
The  infection  was  further  confirmed  by  stain  reaction  as  developed  by  Parthasarathi  et 
al  (1966)  and  length-breadth  ratio  of  spiked  leaves  (lyenger  1961).  N.  virescens  was  bred 
under  laboratory  conditions  on  "Madhu"  variety  of  paddy  for  the  test  purpose.  After 
acquisition  feeding  for  48  hrs,  the  infective  leafhoppers  were  allowed  inoculation  access 
for  7  days  after  which  the  test  plants  were  transferred  to  an  insect  proof  green  house  for 
further  observations.  A  similar  number  of  non-infective  leafhoppers  were  used  as 
control  and  allowed  to  feed  on  healthy  plants  for  the  same  duration  as  in  diseased 
plants  after  which  they  were  released  to  another  group  of  healthy  sandal  plants  before 
the  plants  were  transferred  to  the  insect  proof  green  house.  The  experiments  were 
repeated  several  times  and  in  many  cases  the  vector  fed  plants  developed  the  spike 
symptoms  and  died  within  4-5  months  after  external  manifestation  of  the  symptoms. 
None  of  the  infected  plants  recovered.  It  is  worth  noting  that  adults  of  A7",  virescens  were 
also  successfully  used  in  transmitting  the  MLO  agents  of  diseased  Catharanthus  roseus  to 
healthy  sandal  seedlings  and  vice  versa  (Shivaramakrishnan,  in  litt).  Nayar  and 
Ananthapadmanabha  (in  litt)  claim  to  have  been  able  to  transmit  the  disease 
agent  cultured  in  synthetic  medium  via  adults  of  N.  virescens.  It  seems  that  the  latent 
period  of  the  pathogen  within  N.  virescens  is  either  very  short  or  practically  non- 
existent. This,  however,  does  not  imply  non-multiplication  of  disease  agent  in  its  vector 
(Purcell  and  Finlay  1979).  Failure  of  Muniappa  et  al  (1980)  to  obtain  disease 
transmission  via  N.  virescens  may  be  attributed  to  using  nymphs,  long  latent  period  and 
very  young  test  plants.  It  is  pertinent  to  mention  that  Sreenivasaya  and  Rangaswami 
(1934)  reported  constant  association  of  agricultural  operations  with  the  primary  site  of 
disease  outbreak. 

(Animal  Sci.}— 5 
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2.5    Biological  observations  on  sandal  spike  vectors 

2.50  Moonia  albimaculata:  In  Karnataka,  the  species  has  been  recorded  from  the 
districts  of  Bangalore,  Bidar,  Bijapur,  Belgaum,  Chikmagalur,  Dharwar,  Hassan, 
Kodagu,  Kolar,  Mysore,  Tuinkur  and  North  Kanara  (Muniappa  et  al  1980).  It  also 
extensively  occurs  in  sandal  growing  areas  of  Tamilnadu.  In  southern  Karnataka,  the 
species  occurs  more  abundantly.  Though  it  is  commonly  found  on  sandal  trees,  it  does 
not  breed  on  them.  Other  host-plants  from  which  the  species  has  been  collected  are 
Dodonea  viscosa,  Terena  asiatica,  and  Pterocarpus  indicus  (Sen-Sarma  1981).  It  has 
probably  three  overlapping  generations  in  a  year.  Eggs  are  inserted  on  the  edges  of 
leaves  of  its  host-plants  by  making  slits  in  plant  tissues. 

2.56  Coelidia  indica  (=  Jassus.  indicus):  Muniappa  et  al (1980),  in  a  detailed  survey 
of  sandal  forests  of  Karnataka,  have  collected  the  so-called  C.  indica  from  92  forests 
out  of  319  surveyed.  This  species  is  very  common  on  Zizyphus  jujuba  and  Dodonea 
viscosa,  although  the  insects  also  occur  on  both  healthy  and  diseased  sandal.  This 
species  is  also  reported  to  be  very  common  in  Jawalagiri  in  Tamilnadu  (Rangaswami 
and  Griffith  1941).  Eggs  are  laid  in  small  slits  on  tender  leaves  of  breeding  hosts.  Life- 
history  is  completed  within  12-14  weeks.  Longevity  of  adults  is  about  three  months 
(Sen-Sarma  1981). 

2.5c  Nephotettix  virescens:  Muniappa  et  al  ( 1 980)  have  carried  out  extensive  studies 
on  duration  of  different  instars  and  longevity  of  adults  on  paddy,  periwinkle,  and 
sandal.  Maximum  nymphal  duration  and  adult  longevity  were  observed  on  paddy 
leaves.  This  species  is  highly  phototropic  and,  therefore,  remain  hidden  during  day 
time.  Its  biology  and  ecology  on  rice  have  been  rather  extensively  studied.  It  breeds 
only  on  succulent  green  grasses  near  tanks,  rivers,  canals,  etc  in  nature.  It  is  common  in 
paddy  fields  throughout  India.  Its  population  in  sandal  ecosystem  starts  declining 
progressively  by  the  middle  of  February  until  the  minimum  is  reached  in  the  month  of 
May,  as  evidenced  by  light-trap  collections  (Sen-Sarma  1981).  The  population  build- 
up commences  in  June  and  reaches  the  peak  in  October -November. 


3.    Witches9  broom  disease  of  toon  (Toona  cillatd) 

Toon  is  an  important  forest  species  in  India.  It  is  grown  both  in  plantations  and  as 
avenue  trees.  Recently,  toon,  grown  as  avenue  trees  at  Kalyani  Township  in  West 
Bengal,  has  suffered  witches'  broom  disease.  The  disease  first  reported  by 
Mukhopadhyaya  et  al  in  1977  in  about  33  %  of  the  trees  has  now  almost  completely 
wiped  out  the  toon  trees  from  the  Kalyani  Township.  The  diseased  trees  exhibited 
symptoms  like  severe  reduction  in  leaf-lamina,  shortening  of  internodes,  extensive 
proliferation  of  axillary  buds  leading  to  witches'  broom,  cessation  of  flowering  and 
fruiting.  Initially,  the  symptoms  appear  only  in  a  few  branches  of  the  affected  tree, 
gradually  spreading  all  over  the  tree.  The  diseased  tree  does  not  recover  and  die  within 
4-5  years  of  the  initial  manifestation  of  external  symptoms.  The  leafhoppers 
belonging  to  the  genus  Empoasca  occur  in  large  number  on  both  healthy  and  diseased 
trees  which  tends  to  suggest  their  possible  role  as  the  vector  of  the  disease.  Empoasca 
spp  are  known  as  vectors  of  MLO  disease  of  plants  (Bindra  1973).  However,  no 
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systematic  study  to  establish  the  vector/vectors  of  witches'  broom  disease  of  toon  has 
been  carried  out  so  far. 


4.  MLO  disease  of  Acacia  spp 

Nayar  (1973)  reported  occurrence  of  typical  'yellows'  symptoms  in  Acacia  catechu  in 
Marashettihally  in  Karnataka  and  A.  mearnsii  in  Kodaikanal  Hills  in  Tamilnadu. 
However,  electron  microscopic  examination  of  diseased  material  so  far  conducted  did 
not  give  positive  results.  Perhaps  examination  of  a  large  number  of  typically  diseased 
material  may  prove  confirmatory  (Rehill  and  Sen-Sarma  1982). 

5.  Little-leaf  disease  of  Eucalyptus 

Reduction  of  leaf-lamina  has  been  reported  in  Eucalyptus  grandis  seedlings  in  the 
Nilgiri  Hills  (Tamilnadu).  EM  examination  of  diseased  leaves  showed  tentative  evidence 
of  MLO  disease  (Nayar  1973). 

Sporadic  chlorosis  of  leaves  accompanied  by  shortening  and  narrowing  of  leaf- 
lamina  and  proliferation  of  axillary  buds  with  witches'  broom  growth  of  shoots  has 
been  observed  in  E.  tereticornis  trees  raised  along  highways  and  canal  banks  in 
Haryana  and  Punjab.  Similar  symptoms  have  also  been  observed  in  E.  tereticornis 
growing  around  Jaipur  in  Rajasthan.  The  symptoms  are  suggestive  of  MLO  etiology.  EM 
examination  of  thin  sections  of  diseased  leaves  revealed  presence  of  typical  MLOS  in 
sieve  elements  (Mararnorosch  et  al  1982). 

6.  Vector-pathogen-host  interactions 

Not  much  information  is  available  on  the  subject  in  respect  of  vector-pathogen-host 
interactions  of  MLO  agents  of  forest  trees.  However,  some  information  available  in 
literature  may  be  applicable  to  these  as  well,  as  discussed  below: 

6.1  Vector-host  interactions 

Vectors  of  MLO  diseases  are  primarily  phloem  feeders.  During  the  feeding  process,  the 
phloem  cells  are  punctured,  torn  and  distorted.  The  puncturing  is  also  accompanied  by 
secretion  of  a  protein  or  some  pectinate  substance  apparently  from  the  salivary  glands. 
This  secretion  forms  a  sheath  around  the  stylets  (Smith  1933).  According  to  Medler 
(1941)  the  injury  to  plants  caused  by  Empoascafabae  is  a  combination  of  the  feeding  in 
the  vascular  tissues  and  action  of  a  specific  compound  which  is  injected  during  the 
feeding  process.  The  hypertrophy  of  the  affected  plant  cells  around  the  site  of  puncture 
is  attributed  to  injection  of  salivary  secretion.  The  mechanical  injury  caused  during 
puncturing  disorganises  the  plant  tissues  which  often  results  in  clogging  and  isolation 
of  vascular  bundles  (Delong  1971). 

6.2  Vector-pathogen  interactions 

In  sandal  spike  disease,  disease  transmission  can  take  place  through  the  haustorial 
connections,  notwithstanding  low  percentage  (5—7%)  (Coleman  1917).  However, 
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transmission  in  majority  of  cases  occurs  through  the  agency  of  insect  vectors  (Sen- 
Sarma  1977b).  In  such  cases,  the  insect  vectors  act  as  the  intermediary  hosts  of  the 
disease  agency.  It  has  been  proved  almost  conclusively  that  pathogens  multiply  within 
the  vector-body  (Maramorosch  1952).  The  relationships  between  vector  and  pathogen 
are  most  intimate  but  complex  (Purcell  1982).  Unlike  vector-borne  diseases  of  human 
and  animals,  most  wall-less  procaryotic  pathogens  of  plants  have  broad  vector 
spectrum,  as  is  suspected  in  sandal  spike  disease.  The  vector-pathogen  interactions 
have  been  studied  in  depth  in  aster  yellows  in  USA.  The  discovery  that,  in  addition  to  the 
main  vector,  Macrosteles  fascifrons,  many  species  of  leafhoppers  in  the  subfamily 
Deltacephalinae  could  transmit  California  strain  of  aster  yellows  is  a  pointer  in  this 
direction  (Severin  1945,  1947).  Important  aspects  of  vector-pathogen  relationship  are 
the  information  on  acquisition  threshold,  optimum  acquisition  period,  latency  and 
inoculation  threshold.  In  N.  virescens  indirect  evidence  shows  that  it  has  a  very  short 
latency  period  in  contrast  to  long  latency  period  in  most  vectors  of  yellows  agents. 
However,  short  latency  period  does  not  necessarily  imply  non-multiplication  and  non-  • 
circulation  of  the  MLO  agents  within  the  vector.  Where  the  latent  period  is  long, 
pathogens  are  required  to  multiply  and  circulate  through  a  sequence  of  tissues  and 
organs  within  the  vector  (Purcell  1982).  Detection  of  MLO  agents  within  gut  tissues,  fat 
body,  mulpighian  tubules,  salivary  glands  are  evidences  for  multiplication  and 
circulation  of  yellows  agents  within  the  vectors  (Townsend  et  al  1977).  Plant  pathogenic 
wall-less  procaryotes  are  reported  to  initiate  interactions  within  the  vectors,  some 
harmful  and  some  beneficial  (Maramorosch  and  Jensen  1963;  Whitcomb  and 
Williamson  1979). 


7.    Possible  lines  of  future  research 

The  most  important  lacuna  in  our  knowledge  of  vector-borne  wall-less  procaryotic 
diseases  of  forest  trees  is  that  the  possible  vector /vectors  has /have  not  been 
conclusively  discovered.  It  is  a  matter  of  great  regret  that  the  excellent  work  carried  out 
between  1933-1941  on  vector  transmission  of  sandal  spike  disease  was  discontinued 
for  about  three  decades.  Recent  attempts  in  this  direction  has  also  been  vitiated  due  to 
lack  of  sophisticated  techniques.  Further,  failure  to  cultivate  the  culture  of  the  disease 
pathogen  under  laboratory  conditions  further  accentuated  the  difficulties  of  the  Forest 
Entomologists.  Blind  passage  technique  for  vector  searches  as  developed  by  Whitcomb 
and  Coan  (1982)  seems  potentially  useful  in  the  search  for  vectors  of  MLOS  diseases  of 
woody  plants  and  this  technique  should  be  given  a  fair  trial.  Many  lacunae  exist  in  our 
knowledge  on  vector-host  interactions  and  vector-pathogen  interactions.  Multipli- 
cation and  spread  of  plant  pathogenic  agents  in  the  vectors  can  possibly  be  best  studied 
by  employing  high  resolution  autoradiography  (Gouranton  and  Maillet  1973).  Our 
knowledge  of  effect  of  these  plant  pathogens  on  the  insect  vectors  should  be  advanced 
by  resorting  to  simple  techniques  like  studying  different  insect  organs  separately 
employing  histopathological,  histochemical  and  biochemical  methods.  Further,  en- 
vironmental influences  on  disease  progress  after  inoculation  should  form  an  integral 
component  in  the  vector  transmission  studies  either  in  the  field  or  in  the  laboratory 
(Purcell  1982). 
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Leafhopper  and  planthopper  transmitted  viruses  of  cereal  crops 

C  B  SULOCHANA 

Centre  of  Advanced  Study  in  Botany,  University  of  Madras,  Madras  600005,  India 

Abstract.  Leafhoppers  in  the  family  Cicadellidae  and  planthoppers  in  the  family  Delphacidae 
are  known  to  be  active  vectors  of  about  25  viruses  infecting  cereal  crops.  These  leafhopper  and 
planthopper  transmitted  viruses  are  discussed  in  this  paper. 
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About  half  the  ploughed  land  of  the  world  is  given  to  growing  principal  cereals  and  in 
most  areas  where  cereals  are  grown,  virus  diseases  are  known.  However,  one  is 
impressed  by  the  localization  of  the  cereal  viruses.  The  general  symptoms  include 
various  patterns  of  leaf-discoloration,  deformation  and  stunting.  In  details,  the 
symptoms  and  effects  of  virus  diseases  affecting  cereals  vary  widely.  Some  virus  diseases 
of  cereals  have  been  described  under  different  names  in  different  countries.  In  fact,  the 
symptoms  and  host  range  overlap  so  much  that  a  few  can  be  identified  by  host  reactions 
alone.  The  cereals  being  annuals  and  the  viruses  affecting  them  not  being  seed-borne, 
the  disease  incidence  in  any  crop  depends  upon  a  rapid  spread  of  the  virus  into  the  crop 
during  a  brief  critical  period  each  crop  year.  Some  of  these  diseases  are  reported  only  on 
the  host  genus.  Others  are  known  to  occur  on  or  can  infect  experimentally  other  cereals 
and  grasses.  Their  primary  means  of  spread  in  the  fields  is  by  wind-borne,  flying  insects. 
The  main  environmental  factors  affecting  the  activity  of  the  aerial  vectors  are  air 
movements  and  temperature.  Surprisingly,  only  a  relatively  small  percentage  of  vectors 
feeding  on  a  diseased  plant  usually  become  infective,  but  those  which  do  remain  so  for 
a  relatively  long  period. 

Leafhoppers  in  the  family  Cicadellidae  and  planthoppers  in  the  family  Delphacidae 
are  known  to  be  active  vectors  of  25-30  viruses  infecting  cereal  crops  (Smith  1972; 
Peters  1981).  These  tiny  insects  have  no  wingless  adult  phase,  and  are,  in  general,  more 
active  than  aphids.  A  certain  percentage  of  natural  populations,  up  to  25  %  in  some 
cases,  are  viruliferous.  The  morphology  of  these  viruses  include  isometric,  bacilliform 
and  flexuous  thread-like  particle  types.  Some  well-known  examples  of  diseases,  size  and 
morphology  of  the  viruses  and  their  vectors  are  listed  in  table  1.  A  few  are  now 
characterised  as  mycoplasma-like  organisms  with  pleomorphic  bodies,  and  one  as 
Spiroplasma.  The  morphology  of  the  causal  agent  is  uncertain  for  a  few  diseases  such  as 
rice  grassy  stunt,  oat-pseudo-rosette  and  rice  hoya  blanca;  interestingly  two  types  of 
particles  have  been  associated  with  all  of  these  diseases. 

These  causal  agents  share  many  similarities  in  relationships  to  their  hosts  and  their 
respective  vectors.  None  of  these  is  transmissible  to  plants  by  leaf-rub  methods;  none  is 
soil-borne  or  seed-borne.  Furthermore  no  virus  or  mycoplasma  infecting  cereal  crops  is 
transmitted  by  both  a  leafhopper  and  a  planthopper.  These  are  in  general  persistent 
and/or  propagative  in  the  vectors.  Semi-persistent  relationship  with  their  vectors  are 
also  known  in  rice  tungro  and  maize  chlorotic  dwarf  viruses.  These  resemble 
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Table  1.    Viruses   and   other   pathogens   of  cereals   transmitted   by   leafhoppers   and 
planthoppers. 


Virus 

Size  in  nm 

Vector 

Virus-vector 
relationship 

I.  Icosahedral 

A.  Leafhoppers 

Rice  Orange  leaf  V 

15 

Recilia  dorsalis 

Persistent 

Maize  Streak  V 

20 

Cicadulina  spp. 

" 

Maize  chlorotic  dwarf  V 

26-31 

Graminella  nigrifrons 

Semi-persistent 

Oat  blue  dwarf  V 

28-30 

Macrosteles  fascifrons 

Propagative 

Rice  tungro  V 

30-33 

Nephotettix  spp. 

Semi-persistent 

Recilia  dorsalis 

Wheat  Striate  V 

40 

Cicadulina  mbila 

-    __ 

(Eastern) 

Rice  dwarf  V* 

70 

Nephotettix  spp. 

Propagative 

Maize  Wallaby  ear  V 

85 

Cicadulina  bimaculata, 

-do- 

Nesoclutha  pallida 

B.  Planthoppers 

Wheat  streak  V  (African) 

24 

Toya  Catilina 

— 

Rice  Stripe  V 

25-35 

Laodelphax  striatellus, 

Propagative 

Ribantodelphax  albifascia 

&  Unkandoes  sapporonus 

Maize  rough  dwarf  V* 

70 

L.  striatellus,  Javesella 

-do- 

pellucida,  &  Sagotella  vibix 

Oat  sterile  dwarf  V 

73 

J.  pellucida,  Dicranotropsis 

-do- 

lamata  &  Cicadulina  discolor 

Rice  black  streaked 

75-80 

L.  striatellus,  R.  albifascia 

-do- 

dwarf  V 

&  V.  sapporonus 

II.  Rhabdovirus 

A.  Leafhoppers 

Rice  transitory 

126  x  96 

Nephotettix  spp. 

Persistent 

yellowing  V 

193  x  94 

Wheat  striate  mosaic  V 

200-250  x  75 

Endria  inimca,  & 

-do- 

Elymana  viriscens 

Wheat  (Winter)  mosaic  V 

— 

Psamonotettix  striatus 

Propagative 

B.  Planthoppers 

Maize  mosaic  V 

242x48 

Perogrinus  maidis 

-do- 

Barley  yellow 

330  x  60 

L.  striatellus 

-do- 

striate  mosaic  V 

Oat  pseudorosette  V 

500-600x40 

L.  striatellus 

-do- 

III.  Particles  of  uncertain  morphology 
Wheat  striate  mosaic  V  (Australian) 

Wheat  striate  mosaic  V  (European) 


Leafhopper: 
Nesoclutha  obscura 
Planthopper: 
Javesella  pellucida 


-do- 
-do- 


IV.  Mycoplasma-like  organisms 
Maize  stunt  disease 

Rice  yellow  dwarf  disease 
Rice  grassy  stunt  disease 


Leafhopper: 
Dalbulus  maidis 
Nephotettix  spp. 
Planthopper: 
Nilaparvata  lugens 


-do- 


-do- 


*Reovirus 
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semipersistent  aphid-borne  viruses  persisting  only  a  few  days  in  Nephotettix  impicticeps 
and  not  being  retained  through  moult  (Ling  1966)  and  has  no  detectable  latent  period 
in  its  vector. 

Extensive  work  with  leafhoppers  first  showed  that  some  plant  viruses  can  and  do 
multiply  in  invertebrate  hosts  as  well  (Black  1959;  Maramorosch  1955;  Fukushi  1965). 
These  cereal  infecting  viruses  are  highly  specific  as  regards  their  insect  vectors,  and  do 
appear  better  adapted  to  insect  hosts.  These  produce  more  disease  in  plant  hosts  than  in 
insect  hosts.  It  has  been  suggested  that  some  of  these  could  have  originated  as  insect 
viruses  and  secondarily  adapted  to  plants  on  which  these  insects  feed  (Andrewes  1967). 
Individuals  within  a  vector  species  have  specific  genetic  susceptibilities  to  different 
viruses  which  they  transmit  much  the  same  way  as  plants  have  different  specific  genetic 
susceptibilities  to  virus  infections.  From  the  studies  made  so  far,  often  only  one  vector 
species  is  involved  in  the  transmission  of  any  one  of  these  cereal  viruses.  There  are 
exceptions  as  in  the  case  of  the  leafhopper  Laodelphax  striatellus  which  transmits  four 
rhabdoviruses  viz  BYSMV,  NCMV,  WCSMV  and  WRSV  (Peters  1981).  A  point  of 
interest  is  that  Nephotettix  spp  are  the  primary  vectors  for  an  isometric  reovirus,  a 
rhabdovirus  and  a  MLO;  likewise  the  planthopper  Nilaparvata  lugens  is  a  vector  of  both 
an  isometric  virus  and  a  MLO.  It  is  not  known  whether  different  types  of  pathogens  are 
carried  in  the  insect  simultaneously  or  whether  specificity  is  at  the  level  of  the  races. 

Particularly  interesting  are  the  complex  rhabdoviruses  and  reoviruses.  The  former 
group  has  single-stranded  RNA  of  mol.  wt.  3*5-4*6  x  106,  complementary  to  HIRNA.  The 
bacilliform  particle  is  enveloped  with  10  nm  spikes;  inside  is  a  helical  nucleocapsid.  The 
latter  group  has  isometric  nucleocapsid  with  an  inner  and  outer  shell  (60-80  nm)  and 
10-12  segments  of  double-stranded  RNA  of  mol.  wt.  10-16  x  106.  Both  the  types  have 
transcriptase  activity  (Primrose  and  Dimmock  1980).  Cereal  viruses  belonging  to  these 
two  groups  are  not  only  propagative  in  their  respective  vectors  but  have  been  shown  to 
pass  on  from  viruliferous  female  parent  to  progeny  for  several  generations.  This  is  in 
sharp  contrast  to  the  response  of  the  plant  host.  The  plants  of  each  generation  have  to 
acquire  the  virus  afresh  deposited  by  viruliferous  insects  while  feeding,  for  there  is  no 
seed  transmission.  But  it  is  in  the  plant  host,  that  these  viruses  cause  obvious  disease 
symptoms,  therefore  recognised  and  identified;  these  studies  have  revealed  astonishing 
involvement  of  the  specific  vectors.  When  the  insects  acquire  the  rhabdovirus  from  a 
diseased  plant  while  feeding,  the  virions  are  enveloped  with  a  membrane  derived  from 
the  host  plant.  The  plant  hosts  receive  the  virions  with  the  enveloping  membrane 
derived  from  the  insect  body.  Thus  there  is  a  subtle  difference  in  the  composition  of 
these  rhabdoviruses  in  the  two  hosts — one  an  invertebrate  and  the  other  a  higher 
plant — 9  wjth  possibly  no  variation  in  the  genome  of  the  infecting  virus.  These  are  truly 
insect-plant  viruses  for  the  virus  can  be  continually  maintained  in  the  insect  line 
whereas  there  is  no  continuity  of  the  virus  from  plant  to  plant  or  from  generation  to 
generation  of  plants.  It  could  be  that  the  plant  is  an  essential  alternate  host  serving  an 
important  role  in  the  ecology  and  survival  of  these  complex  viruses  in  nature. 

It  is  generally  assumed  that  each  virus  must  survive  between  crops  in  populations  of 
its  specific  vectors  or  in  weed,  perennial  or  volunteer  host  plants.  On  the  basis  of 
transovarial  transmission,  and  field  observations,  it  has  been  suggested  that  these 
viruses  over-winter  in  leafhoppers  rather  than  in  plants,  while  for  large  population 
build-up,  summer  or  winter  annual  weeds  are  needed.  The  tiny  insects  are  carried  by 
wind  for  long  distances  in  spring  to  breed  in  widely  separated  areas  or  may  migrate  in 
search  of  suitable  hosts.  The  effects  of  virus  infection  on  yields  of  grain  are  influenced 
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by  the  virus,  the  extent  and  time  of  infection,  the  susceptibility  of  the  crop,  presence  of 
other  viruses  and  diseases,  and  the  effects  of  cultural  and  environmental  conditions. 
Although  many  of  these  diseases  have  been  reported  to  occur  over  widespread  areas, 
widespread  devastating  epidemics  are  not  known.  Considerable  losses  have  occurred 
locally  where  there  were  abundant  sources  of  susceptible  plants  on  which  the  virus  and 
vector  could  multiply;  in  addition,  the  crop  in  question  was  highly  susceptible,  and 
planted  at  such  a  time  as  to  expose  the  young  plants  to  heavy  infestation  of  infective 
insects.  As  yet,  there  is  no  chemical  treatment  suitable  for  control  of  cereal  infecting 
viruses.  Approach  to  practical  control  appears  to  be  the  avoidance  of  build-up  of  vector 
populations  and  the  need  is  to  intensify  research  in  this  direction  notwithstanding  the 
fact  that  there  are  varieties  of  cereals  with  high  degree  of  resistance  to  most  of  the 
known  leafhopper  and  planthopper  transmitted  viruses. 
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Insect  vectors  of  virus  diseases  of  sugarcane 
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Abstract.  Although  120  diseases  of  fungal,  viral,  mycoplasma  and  bacterial  origin  have  been 
reported  in  sugarcane,  insect  vector  associations  have  been  established  with  virus/mycoplasma 
diseases  only.  Thirteen  species  of  aphids  have  been  identified  to  be  vectors  of  mosaic  and 
another  bug,  Assamia  moesta  Westw.  is  associated  as  a  mechanical  carrier.  Three  species  of 
Perkinsiella  transmit  Fiji  disease.  The  leaf  hopper,  Cicadulina  mbila  (Naude)  transmits  streak. 
The  mycoplasma  diseases,  white  leaf  and  grassy  shoot  are  carried  over  by  Matsumaratettix  sp. 
and  A.  moesta,  respectively.  A  mealybug  has  been  reported  to  be  a  vector  of  spike  disease.  The 
future  lines  of  approach  for  insect  vector  associations  are  also  discussed. 

Keywords.    Insect  vectors;  virus  diseases;  sugarcane. 


1.    Introduction 

Nearly  120  diseases  of  fungal,  viral  and  bacterial  origin  have  been  reported  in  sugarcane 
in  different  parts  of  the  world  (Martin  et  al  1961).  Due  to  readily  available  nutrients, 
large  number  of  saprophytes  as  well  as  pathogens  are  present  in  this  plant.  Among  these 
11  diseases  of  viral  and  mycoplasma-like  organisms  have  been  reported  to  have 
vectorial  association.  However,  definite  proof  of  vectorial  transmission  is  available  in 
sugarcane  mosaic,  Fiji  disease  and  streak  disease. 

Cumulatively  diseases  have  been  estimated  to  cause  10%-15%  loss  in  sugarcane 
production  (David  and  Alexander  1977). 


2.    Disease/vectorial  association 

Aphididae  is  the  largest  group  of  virus  vectors  in  sugarcane  transmitting  sugarcane 
mosaic.  Aphids  have  also  been  implicated  as  transmitting  agents  in  grassy  shoot  disease 
(GSD)  (Chona  et  al  1960).  However,  later  work  (Edison  et  al  1976)  has  proved  GSD  to  be 
of  mycoplasma  origin  and  the  role  of  aphids  in  transmitting  GSD  has  to  be  viewed  with 
caution.  The  species  of  leaf-hoppers  (Perkinsiella  spp.)  are  vectors  of  Fiji  disease. 
Edison  (1973)  reported  Assamia  moesta  Westw.  transmitting  GSD.  Cicadulina  mbila 
(Naude)  is  the  vector  of  the  streak  disease  of  sugarcane.  Matsumaratettix  hiroglyphicus 
Mats,  transmits  white  leaf  disease  of  Taiwan. 

Chlorotic  streak  which  is  not  transmitted  mechanically  and  is  believed  to  be  of  virus 
origin  is  associated  with  a  green  leafliopper,  Draeculocephala  portola  Ball.  However, 
many  attempts  to  transmit  the  disease  elsewhere  with  the  vector  have  not  been 
successful.  Sphenorhina  liturata  ruforivulata  (Stal)  is  also  associated  with  this  disease. 
Spike  disease  reported  by  Sharma  and  Jha  (1957)  has  been  associated  with  mealybug, 
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Pseudococcus  saccharifoli  Green  (Mohammed  Ali  1962).  However,  there  are  no 
subsequent  reports  of  the  disease.  The  various  disease  transmitting  vectors/ 
associations  have  been  tabulated  in  tables  1  and  4. 

Saladini  (1971)  observed  that  sugarcane  mosaic  (SCMV)  strain  isolates  maintained  for 
many  years  without  aphid  transmission,  lost  transmissibility  by  the  aphid,  S.  graminum. 
The  H  strain  of  SCMV  maintained  in  the  green  house  in  variety  PO J  234  for  successive 
years,  was  not  subsequently  transmitted  by  the  vector,  D.  ambrosiae.  These  viruses 
probably  mutated  to  form  a  non-aphid-transmissible  and  then  the  mutant  became 
dominant  (Koike  1979). 


Table  1.    Vector-virus  association  in  sugarcane. 


Name  of 
disease 


Vector  associated 


Reference 


Mosaic 


Fiji 


Streak 

White  leaf  disease 


Chlorotic 
streak 


Grassy  shoot 


Spike 


Acynhosiphon  pisum  (Harris) 
Aphis  gossypii  (Glover) 
Carolinaia  cyperi  Ainslie 
Aphis  nerii  Fonscolombe 
Dactynotus  ambrosiae  (Thomas) 
Hysteroneura  setariae  (Thomas) 
Myzus  persicae  (Sulzer) 
Amphorophora  sonchi 
(Oestlund) 
Rhopalosiphwn  maidis  (Fitsh) 

Schizaphis  graminum  (Rondani) 

Siphaflava  (Forbis) 

Melanaphis  (Longiunguis)  sac- 

chari  Zehnt. 

M .  indosacchari 

Assamia  moesta  Westw. 

Perkinsiella  saccharicida 

Kirkaldy 

P.  tastatrix  (Breddin) 

P.  vitiensis  (Kirkaldy) 

Cicadulina  mbila  (Naude) 

Matsumarotettix  (Epitettix) 

hiroglyphicus  Matsumoto 

Associations 

Draeculacephala  portola  Ball 

Sphenorhina  liturata  rufori- 

vulata  (Stal) 

Melanaphis  (Longiunguis)  sac- 

chari  David 

M.  indosacchari  (Zehntner) 

R.  maidis  (Fitch) 

Assamia  moesta  Westw. 

Pseudococcus  saccharifoli 

(Green) 


Abbott  and  Charpentier  (1963) 
La  was  and  Fernandez  (1949) 
Abbott  and  Charpentier  (1963) 
Tati  and  Vendenberg  (1939) 
Ingram  and  Summers  (1936) 
David  et  al  (1972) 
Anzalone  and  Pirone  (1964) 
Abbott  and  Charpentier  (1963) 

Brandis  (1920)  David  et  al 

(1972) 

Ingram  and  Summers  (1938) 

Abbott  and  Charpentier  (1963) 


David  et  al  (1972) 
David  et  al  (1972) 
Mungomery  and  Bell  (1933) 

Ocfemia  (1933) 
Ayub  et  al  (1967) 
Storey  (1925) 
Matsumoto  et  al  (1968) 


Abbott  and  Ingram  (1942) 
Franco  (1956) 
Chona  et  al  (1960) 

Chona  et  al  (1960) 
Chona  et  al  (I960) 
Edison  (1973) 
Mohammed  Ali  (1962) 
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3.    Bionomics  amd  feeding  habits  of  vectors 

3.1     Aphids  and  mosaic  transmission 

The  life  history  of  aphid  vectors  in  sugarcane  has  not  been  clearly  worked  out. 
Alexander  and  Rao  (1977)  observed  high  build  up  of  alate  aphid  population  during 
May-July  with  maximum  in  June  (table  2).  This  synchronises  with  the  onset  of  the 
south-west  monsoon.  The  monsoon  wind  helps  in  the  wide  dispersal  of  the  aphids. 

David  et  al  (1972)  summarised  the  information  on  the  activity  of  the  different  species 
of  aphids  at  Coimbatore  (table  3). 

David  et  al  (1972)  reported  the  host  range  and  preference  of  H.  setariae.  At 
Coimbatore,  this  aphid  appears  to  be  a  potential  vector  of  SCMV,  infecting  the  crop 
immediately  after  germination,  thus  initiating  secondary  transmission  of  the  disease  in 
the  field.  Apart  from  sugarcane,  this  occurs  in  sorghum,  maize,  Chloris  barbata, 

Table  2.    Aphid  population  during  different  months. 


Date  of 

observation 

April 

May 

June 

July 

Aug. 

5th 

0 

4 

28 

9 

2 

15th 

2 

7 

10 

1 

0 

25th 

1 

11 

8 

2 

1 

Table  3.    Aphid  vectors  with  the  distinguishing  features. 


Vector 


Distinguishing  features 


Period  of  occurrence. 


Rhopalosiphum  maidis 


Melanaphis  sacchari 


M.  indosacchari 


Hysteroneura  setariae 


Process  (1st  segment  of  antenna) 
and  cornicle  very  short,  green  to 
dark  or  yellowish  in  colour. 
Generally  within  the  spindle. 

Nymphs  always  yellow,  adults 
yellow  or  purple  when  crowded. 
Head  and  spiracular  plates  pale, 
6th  antennal  segment  base  to 
terminal  portion  1 : 3  ratio, 
sorghum  preferred  host,  generally 
found  on  senescent  leaves 

Always  brown  from  nymph  to 
adult.  Head  and  spiracular  plates 
brown,  6th  antennal  segment  base 
to  terminal  portion  1 : 4  ratio, 
found  only  on  sugarcane,  3rd  to 
5th  leaf  preferred 

Brown  in  colour,  process  very 
long,  cornicles  dark  and  slightly 
long,  hind  wing  has  only  one 
oblique  vein  instead  of  the  usual 
two,  Cauda  has  two  pairs  of  hairs 


In  shoot  stage,  generally 
during  January  to  April 


Generally  found  in 
canes  after  6th  month 
(May  to  December). 


In  young  crop  3-5 
months,  May  to 
October. 


December  to  July. 
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Bothrichloa  insculpta,  Brachiaria  sp.  Dinebra  retroflexa,  Cenchurus  ciliaris,  Panicum 
repens,  Cyperus  rotundus,  Cynodon  dactylon  and  Dichanthium  annulatum.  Among  these, 
it  prefers  C.  barbata  and  C.  ciliaris  in  which  profuse  multiplication  takes  place 
throughout  the  year.  The  aphid  does  not  multiply  well  in  sugarcane  but  the  winged 
forms  scatter  to  many  plants  and  thus  transmission  of  the  disease  is  widespread.  In 
transmission  tests,  40%  to  60%  plants  were  infected  through  this  species  of  aphid.  M. 
indosacchari  prefers  sugarcane  as  a  regular  host  and  multiplies  well  during  humid 
weather.  It  has  a  short  life  cycle,  growth  period  being  one  week  and  adult  life  one  week. 
Fecundity  is  about  10-30.  M.  sacchari  prefers  sorghum  and  maize.  It  chooses 
Echinochloa  colona,  generally  growing  around  channels,  as  an  alternate  host. 

Detailed  information  on  the  reproduction  of  these  aphids,  both  parthenogenetically 
and  sexually  has  to  be  gathered. 

In  north  India,  two  species  of  aphids  R.  maidis  and  Schizaphis  graminum  have  been 
reported  to  occur  during  the  monsoon  and  spring  seasons  respectively  (Chona  and 
Rafay  1950;  Seth  and  Chona  1961). 

Bhargava  et  al  (1971)  have  studied  the  activity  of  7  species  of  aphids  in  different  hosts 
in  the  vicinity  of  sugarcane  in  different  seasons  under  north  Indian  conditions  (table  4). 

Rizvi  and  Bhargava  (1973)  further  add  that  aphids  such  as  A.  gossypii,  L. 
pseudobrassicae,  M.  sacchari,  M.  persicae,  R.  maidis  and  R.  rufiabdominalis  were  present 
in  and  around  sugarcane  fields  throughout  the  year  in  U.P.  M.  sacchari  and  R.  maidis 
which  generally  occur  in  graminaceous  hosts  during  monsoon  period  play  a  major  role 
in  mosaic  spread,  while  others  may  cause  only  chance  spread,  due  to  their  limitations  of 
host  plants  or  infrequency  of  occurrence. 

Osborne  (1970)  reported  that  R,  maidis  was  found  especially  in  the  early  stages  of 
colonisation  of  the  plant,  concealed  within  the  leaf  spindle. 

Table  4.    Aphids,  their  hosts  and  period  of  occurrence. 


Aphid 

Host 

Period  of 

occurrence 

Aphis  craccivora  Koch 

Dolichos  lablab,  Vigna  sinensis  and 

October-April 

Arachis  hypogea 

Aphis  gossypii  Glov 

Solanaceous,  Cucurbitaceous  and 

April-May 

Malvaceous  plants 

Aphis  nerri  Boyde 

Calotropis  procera,  Nerium  odorum 

January-April 

Fonsc. 

August-October 

Lipaphis  pseudo- 

Cruciferous  plants 

January-April 

brassieae  (Davis) 

Longiunguis  sacchari 

Sorghum  vulgare,  Zea  mays  and 

May-November 

(Zehnt.) 

Saccharum  officinarum 

L.  indosacchari  David 

S.  officinarum  and  occasionally  on 

July-November 

Cynodon  sp.  and  Cyperus  rotundus 

Myzus  persicae  (Sulz) 

Cruciferous  and  Solanaceous 

November-Feb. 

plants 

K.  maidis 

Zea  mays,  Sorghum  vulgare 

June-November 

Eleusine  sp.,  Cynodon  sp.,  Setaria 

sp.,  Triticum  vulgare,  Hordeum 

vulgare,  &  S.  officinarum 

R.  ruft-abdominalis 

Triticum  vulgare,  H.  vulgare 

January-March 

Source:  Bhargava  et  al 

(1971). 
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Under  in  vitro  conditions  around  27°C,  using  cut  leaves  of  sugarcane  maintained  on 
1  %  sucrose  solution,  Melanaphis  spp.  were  cultured  throughout  the  year  (Ashok 
Verma  1982). 

3.2    Fiji  disease  transmission  by  leafhoppers 

Leafhoppers  acting  as  vectors  for  Fiji  and  streak  diseases,  are  persistent  in  transmitting 
the  same.  North  and  Baber  (1935)  concluded  that  the  disease  could  be  transmitted  by  P. 
saccharicida  feeding  on  leaf  spindles  and  leaf  blades  of  varying  age,  up  to  maturity. 
Mungomery  (1946)  confirmed  these  findings. 

P.  saccharicida  occurs  in  Java,  Taiwan,  South  China  Malay  States  and  in  Queensland 
and  New  South  Wales  in  Australia  but  has  been  accidentally  introduced  into  Hawaiian 
islands,  Mauritius,  Reunion,  Madagascar,  South  Africa,  Ecuador  and  Peru.  Mating 
takes  place  at  nights  and  oviposition  also  occurs  during  nights,  and  occasionally  during 
the  day.  The  female  lives  1  to  2  months  and  lays  up  to  30  eggs,  in  the  leaf  midrib. 
Incubation  extends  to  14  days  during  warm  weather  but  in  cooler  weather  may  be  35  to 
40  days.  There  are  5  instars  each  lasting  4  to  9  days.  The  total  duration  of  the  life  cycle  is 
48  to  56  days  (Fennah  1969).  The  infective  nymphs  can  transmit  the  disease  in  a  20  hr 
feeding  period  and  can  remain  infective  for  at  least  16  days  (Mungomery  1946).  He 
further  reported  a  minimum  incubation  period  of  29  days. 

P.  saccharicida  also  showed  varietal  preference.  Variety  51-8194  caused  premature 
mortality  of  the  hoppers  in  Hawaii.  Mortality  was  also  high  in  variety  56-4848.  While 
there  is  no  correlation  between  Fiji  disease  and  leaftiopper  resistance,  it  is  suggested 
that  high  resistance  to  leafhopper  of  51-8194  may  play  a  role  in  its  resistance  to  the 
disease  (Chang  1975).  Further  studies  conducted  in  Australia  (Chang  1977)  showed  that 
virus  carrying  leafhoppers  fed  24-6  %  of  the  time  in  phloem  and  15-1  %  of  the  time  in 
parenchyma,  while  virus  free  leafhoppers  fed  7-3  %  of  the  time  and  31  %  of  the  time 
respectively  in  these  two  tissues.  This  is  significant  in  disease  transmission,  since  the  site 
of  virus  infection  is  in  the  phloem  tissues  and  disease  carrying  leafhoppers  found  more 
time  feeding  on  this  tissue. 

Egan  (1976)  found  that  Fiji  disease  had  become  critical  in  Bundaberg  district  as  a 
result  of  considerable  infection  of  P.  saccharicida  in  N.  Co.  310,  a  susceptible  variety  to 
the  leafhopper  which  was  grown  in  southern  and  central  Queensland,  which  was 
otherwise  tolerant  to  Fiji  disease.  However,  the  leafhopper  stages  were  uncommon 
from  May  to  November  after  which  population  build  up  occurred,  with  the  nymphal 
population  reaching  its  peak  in  January  and  adults  in  February  (Anon  1981). 

P.  vastatrix  occurs  in  Malaysia,  Indonesia,  Philippines,  Taiwan  and  Japan.  It  has  a 
pre-o vipositional  period  of  2-25  days.  Mating  lasts  for  about  an  hour  and  egg  laying  is 
on  the  midrib  of  exposed  leaves,  during  the  cooler  period  of  morning  or  evening.  One  to 
four  eggs  are  laid  per  slit.  The  number  of  eggs  laid  in  a  leaf  may  reach  1800,  but  is  usually 
much  less.  The  incubation  period  is  from  14-17  days.  The  nymphs  prefer  to  feed  on 
succulent  leaves  and  soft  leaf  sheaths.  There  are  five  nymphal  stages,  each  lasting  3  to  4 
days  and  the  total  nymphal  period  is  about  19  days  with  no  difference  among  the  2 
sexes.  The  total  mean  period  of  life  cycle  is  47  days,  with  a  range  of  32-66  days,  being 
shortest  during  September-October  and  longer  during  January-February  (Fennah 
1969). 

Ocfemia  (1934)  showed  that  adults  of  the  leafhopper,  P.  vastatrix  can  transmit  Fiji 
disease.  He  was  successful  in  transmitting  the  disease  through  2nd,  3rd,  4th  and  5th 
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instar  nymphs.  Viruliferous  adults  have  to  feed  for  at  least  24  hr  in  healthy  plants  to 
transmit  the  disease.  Once  viruliferous,  P.  vastatrix  remained  infective  for  life.  Chang 
(1977)  demonstrated  that  Fiji  disease  virus  can  be  passed  from  viruliferous  leafhopper 
through  eggs  to  the  nymphs.  The  latent  period  in  the  hopper  is  about  14  days. 

P.  vastatrix  usually  breeds  in  sugarcane  but  also  attacks  "Hilo  grass"  and  Paspalum 
conjugatum.  Both  young  and  mature  canes  are  attacked. 

In  Philippines  the  leafhopper  breeds  on  sugarcane  almost  exclusively,  while  in  Java  it 
is  reported  from  sorghum  also  and  in  Malaysia  on  corn.  There  are  5  generations  in  the 
open  fields  and  6  in  shaded  areas.  Prevalence  of  higher  temperature  and  lack  of  rains 
reduce  the  population  much.  Heavy  rainfall  and  lower  temperature  favour  build  up  of 
the  population. 

P.  vitiensis  has  been  recorded  from  Fiji  and  Samoa  and  has  a  similar  life  cycle  to  that 
of  P.  saccharicida  (Fennah  1969). 

3.3    Streak  disease  transmission  by  lea/hoppers 

The  vector  associated  with  streak  disease,  C.  mbila  breeds  on  sugarcane  and  maize  and 
probably  also  on  a  number  of  wild  grasses.  The  eggs  are  inserted  in  the  leaf  tissues  and 
under  favourable  conditions  they  hatch  in  approximately  10  days  and  reach  the  adult 
winged  stage  in  23  days.  The  adults  can  survive  for  several  months. 

This  leafhopper  is  known  to  transmit  3  strains  of  the  virus,  namely  sugarcane  streak, 
maize  streak  and  the  strain  from  Coix  lacrymi-fobi,  all  of  which  infect  sugarcane  (Anon 
1976).  Progeny  of  maize  streak  infected  parents  emerges  from  the  eggs  free  from  the 
virus  but  can  acquire  the  virus  as  nymphs  or  as  adults  by  feeding  on  chlorotic  tissue  of 
maize  streak  virus  infected  leaf  for  as  short  a  time  as  a  minute  or  even  for  a  few  seconds. 
After  a  non-infective  latent  period  of  24  to  48  hr  following  its  first  feeding  on  a  virus 
source,  the  insect  may  become  infective  and  continues  so  for  the  rest  of  its  life.  It  can 
infect  a  healthy  maize  plant  during  a  feeding  of  1  hr  time  and  occasionally  in  10  min. 
(Storey  and  Thomson  1961).  Only  a  part  of  the  field  population  of  C.  mbila  is  able  to 
transmit  the  disease.  Some  individuals,  both  males  and  females,  are  incapable  of  acting 
as  vectors  in  the  normal  process  of  feeding  (Storey  1932)  and  normal  transmission  of 
the  disease  is  slow  (Ricaud  1980). 

3.4    Grassy  shoot  disease  transmission 

Grassy  shoot  disease  (GSD)  has  been  proved  to  belong  to  the  "yellows"  type  of  disease 
caused  by  a  mycoplasma  like  organism  and  not  due  to  a  virus.  However,  there  are 
reports  of  positive  sap  transmission  of  GSD  by  Chona  et  al  (1960)  and  Singh  (1968). 
Singh  (1969)  even  reported  transmission  through  juice,  cane  cutting  knife  and  also 
production  of  local  lesions  on  Chenopodium  amaranticolor  and  Nicotiana  glutinosa.  But 
later  work  by  Edison  et  al  (1976)  proved  that  such  mechanical  transmission  is  not 
possible. 

The  etiological  agent  was  reported  to  be  transmitted  by  L.  indosacchari,  L.  sacchari 
and  R.  maidis  (Chona  et  al  1960).  Later  work  of  Edison  (1973)  proved  the  inability  of 
the  above  to  act  as  vectors  of  this  disease.  He  reported  another  vector,  Assamia  moesta. 
This  has  an  adult  life  of  5-7  days,  an  acquisition  period  of  12  hr  inoculation  feeding 
period  of  1  hr,  an  apparent  incubation  period  in  the  vector  for  4  hr  and  an  incubation 
period  in  the  host  for  1 8-34  days.  An  optimum  of  1 5  viruliferous  insects  are  required  for 


Virus  diseases  of  sugarcane  345 

successful  transmission  of  the  disease.  They  gave  an  average  percentage  of  transmission 
of  28-05.  The  etiological  agent  is  non-persistent  in  the  vector. 

3.5     White  leaf  disease  transmission 

A  similar  disease,  white  leaf  has  been  reported  from  Taiwan.  The  disease  is  transmitted 
by  a  leafhopper,  Matsumaratettix  hiroglyphicus  Mats.,  with  an  incubation  of  4-5  weeks 
in  the  vector  and  1\  to  3  months  in  the  host  plant  (Matsumoto  et  al  1968).  Young  canes 
of  3-6  leaf  stage  take  infection  more  easily.  The  vector  remains  infective  until  death, 
after  feeding  on  diseased  plants  for  one  week  (Lee  and  Chen  1972).  Five  adults  were 
found  sufficient  for  successful  transmission.  Chen  (1973)  reported  minimum  feeding 
time  for  acquisition  and  inoculation  feeding  as  3  hr  30  min,  respectively.  Of  the  adults 
examined  65-6%  of  the  females  and  45-8%  of  the  males  possessed  infectivity. 


4.    Discussion 

The  review  of  the  existing  information  on  vectorial  association  with  mosaic  reveals  that 
most  of  the  reports  are  on  mere  transmission  studies,  with  stray  reports  about  the 
efficiency  of  the  vectors.  However,  no  attempt  seems  to  have  been  made  to  study  the 
details  of  biology,  vector  competency,  existence  of  vector  strains  and  their  selectivity  for 
mosaic  strains,  precise  nature  of  acquisition,  inoculation,  retention,  if  any,  and  influence 
of  ecological  factors  on  vectors  and  in  virus  transmission.  Efforts  are  also  needed  to 
study  the  population  dynamics  of  each  of  the  aphid  species.  According  to  Sylvester 
(1980),  L.  sacchari,  R.  maidis  and  S.  graminum  are  semi-persistent  with  regard  to  Barley 
yellow  dwarf  virus.  Even  though  sugarcane  mosaic  virus  is  not  included  in  this  category, 
the  role  of  these  three  vectors  to  act  as  semipersistent  vectors  needs  to  be  examined. 
Histopathological  studies  of  the  host  virus  and  vector  relationships  using  advanced 
techniques  need  also  further  study.  This  disease  is  universally  present  wherever 
sugarcane  is  grown  and  yet  the  attention  in  this  direction  is  meagre. 

Fiji  disease  is  mostly  confined  to  Australia  and  South  East  Asian  countries.  Even 
though  some  information  on  the  biology,  acquisition  period,  latent  period  and 
viruliferous  nature  of  vectors  have  been  gathered,  these  studies  lack  further  thrust  in 
these  lines.  Lot  of  information  has  to  be  gathered  with  regard  to  strains  of  these  vectors 
and  their  ability  to  transmit  the  Fiji  disease.  Information  is  also  lacking  on  the 
bistopathological  aspects  involving  the  vector,  virus  and  the  host.  The  distribution  of 
the  virus  in  the  host  and  the  feeding  habits  needs  further  study.  Similar  information  has 
also  to  be  obtained  with  regard  to  the  streak  virus  and  its  vector. 

The  mycoplasma-like  organism  associated  with  GSD  and  white  leaf  has  not  been 
easily  cultured  in  vitro.  Association  of  Assamia  moesta  with  GSD  has  not  been  further 
proved,  apart  from  the  initial  studies  carried  out  by  Edison  in  1973.  The  inter 
relationships  of  these  diseases  and  their  vectors  may  be  critically  investigated. 


5.    Suggested  lines  of  work 

(i)  Life  cycle  and  feeding  habits  of  different  species  of  aphids  involved  in  mosaic 
transmission,  both  under  tropical  and  subtropical  conditions  need  to  be  studied  in 
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detail,  (ii)  Strains  of  vectors  in  relation  to  transmission  of  the  different  strains  of  mosaic 
need  to  be  investigated,  (iii)  Detailed  histopathological  studies  of  the  vector  virus 
association  have  to  be  made,  (iv)  Population  dynamics  and  seasonal  variations  of  the 
vectors  have  to  be  worked  out  and  correlated  with  the  spread  of  the  disease.  Influence  of 
ecological  factors  on  vectors  and  transmission  of  disease  may  be  investigated, 
(v)  Survey  of  the  different  vectors  involved  in  virus  and  mycoplasma  transmission  has 
to  be  carried  out.  (vi)  Role  of  Assamia  moesta  and  related  insects  in  transmitting  GSD 
has  to  be  clearly  studied,  (vii)  Different  strains  of  leaf-hopper  vectors  and  their 
efficiency  in  transmitting  Fiji  and  streak  viruses  have  to  be  studied  further,  (viii)  Role  of 
collateral  hosts  as  reservoirs  of  the  disease  and  the  association  of  vectors  may  be  studied 
in  depth  in  respect  to  mosaic,  grassy  shoot,  Fiji  and  streak  diseases. 
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Interactions  of  insect  vectors  with  plants  in  relation  to  transmission  of 
plant  viruses 

S  MUKHOPADYAY 

Plant  Virus  Research  Centre,  Bidhan  Chandra  Krishi  Viswa  Vidyalaya,  Kalyani,  India 

Abstract.  Information  on  the  mechanism  of  viral  acquisition  by  insect  vectors  and  the 
interactions  therein  appears  to  be  inadequate,  and  the  differential  responses  of  the  vectors  to 
different  plant  species  appear  to  influence  the  virus  transmissibiiity.  High  transmissibility  is 
found  in  plants  which  have  high  susceptibility  to  both  viruses  and  vectors.  The  vectors  having 
low  preferences  for  particular  plant  species  show  their  inefficiency  in  transmitting  viruses  in 
those  plants.  Differential  acquisition  of  virus  is  found  even  in  different  varieties  of  the  same 
species.  Different  vectors  of  a  particular  virus  may  show  differential  capability  of  transmission 
in  different  hosts.  The  host  specificity  of  the  vectors  also  partially  explains  the  virus  specificity 
in  plants.  But  in-depth  information  on  the  differential  transmissibility  due  to  vector-host 
interactions  is  not  yet  available.  Further  the  loss  of  transmissibility  by  vectors  due  to  feeding  on 
some  unfavourable  hosts  and  due  to  mixed  feeding  of  vectors  and  non-vector  species  of  insects 
on  some  hosts,  etc.,  have  also  not  yet  been  adequately  studied.  Detailed  study  on  the  effect  of 
insect  vector-host  interactions  on  the  plant  virus  transmission  may  unravel  a  new  biological 
method  for  the  control  of  the  plant  virus  disease  in  future. 

Keywords.    Insect  vectors;  plant  virus;  differential  transmissibility. 


1.    Introduction 

Certain  groups  of  insects,  particularly  aphids,  plant  and  leafhoppers,  beetles  and 
whiteflies  transmit  most  of  the  plant  viruses.  This  specificity  of  vectors  with  respect  to 
viruses  may  also  be  related  with  the  vector-host  interactions.  The  viruses  are  known  to 
have  three  types  of  relationships  with  their  vectors,  namely  nonpersistent  (styletborne), 
semi-persistent  (circulative)  and  persistent  (propagative).  Although  these  relationships 
are  primarily  classified  on  the  basis  of  the  period  of  retention  of  the  viruses  in  their 
vectors,  the  acquisition  of  these  viruses  from  the  hosts  may  involve  different  host- 
dependent  processes.  The  efficiency  of  transmission  of  different  viruses  by  different 
vectors  to  different  hosts  may  also  be  a  host-dependent  process.  These  phenomena 
suggest  that  insect  transmission  of  viruses  may  depend  upon  the  interactions  between 
the  insect  vectors  and  the  hosts.  The  details  of  such  interactions  need  to  be  known  and 
the  implications  of  such  interactions  for  the  cultural  control  of  pests  also  need  to  be 
explored. 


2.    Insect  vectors  of  plant  viruses 

There  are  about  400  species  of  phytophagus  insects  which  can  transmit  plant  viruses. 
These  vector  species  primarily  belong  to  Aphididae  (aphids),  Auchenorrhyncha  (leaf 
and  planthoppers)  and  Coleoptera  (beetles).  There  are  about  200  aphids,  60  leaf  and 
planthoppers  and  30  beetles  which  transmit  more  than  215  different  viruses.  The  other 
insect  vectors  are  Coccidae  (mealy  bugs),  Aleyrodidae  (whiteflies)  and  Thysanoptera 
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(thrips)  which  altogether  transmit  30  different  viruses  of  which  25  viruses  are 
transmitted  by  only  6  species  of  whiteflies  (table  1). 

The  aphids  apparently  represent  a  versatile  group  of  vectors.  There  are  about  27 
genera  of  aphids  which  act  as  vectors.  The  largest  number  of  viruses  however  are 
transmitted  by  the  genus  M yzus.  Amongst  the  species  of  Myzus  again,  Myzus  persicae 
is  the  most  common  vector.  It  transmits  more  than  60  different  viruses. 

The  aphids  again  show  a  wide  variability  in  virus  transmissibility.  Onion  yellow 
dwarf  and  cucumber  mosaic  virus  are  transmitted  by  50  aphid  species  each.  The 
cauliflower  mosaic  virus  is  transmitted  by  about  25  aphid  species.  There  is  again  a  large 
number  of  viruses  which  are  transmitted  by  only  one  aphid  species  each. 

The  leaf  and  planthoppers  are  very  specific  with  respect  to  virus  transmissibility. 
Majority  of  the  viruses  are  transmitted  by  only  one  leafhopper  species.  There  are, 
however,  several  viruses,  which  have  more  than  two  leafhopper  vectors  such  as  maize 
streak,  potato  yellow  dwarf,  rice  tungro  and  wound  tumor.  There  is  no  species  of 
leafhopper  which  has  wide  versatility  in  transmitting  a  large  number  of  viruses  as 
shown  by  M.  persicae.  In  case  of  whiteflies,  most  of  the  viruses  reported  so  far,  are 
transmitted  by  Bemisia  t abaci.  In  beetles,  on  the  other  hand,  there  is  no  single  species 
which  has  specialized  as  a  versatile  vector  like  M.  persicae  or  B.  tabaci.  Barring  a  few, 
most  of  the  viruses  are  transmitted  by  specific-beetle  species. 


3.     Feeding  behaviour  and  virus  transmission 

The  feeding  behaviour  of  aphids,  leaf  and  planthoppers  and  whiteflies  differs  from  that 
of  beetles.  All  aphids,  leafhoppers  and  whiteflies  possess  piercing  and  sucking  mouth 
parts;  the  beetles  on  the  other  hand  have  biting  mouth  parts.  The  mouth  parts  of  aphids 
and  leafhoppers  consist  mainly  of  two  pairs  of  stylets  held  together  by  longitudinal 

Table  1.    Range  of  known  insect  vectors  of  plant  viruses  and  virus-like  agents. 

Approximate  Approximate 

number  of  number  of  viruses 

Taxonomic  group  vector  species  transmitted 

Hemiptera 

Aphididae  (aphids)  200  160 

Psyllidae  (psyllids)  1  1 

Coccidae  (mealy  bugs)  15  2 

Aleyro  didae  (whiteflies)  3  25 

Auchenorrhyncha  60  35 
(leaf  and  planthoppers) 

Gymnocerata  (tingid  bugs)  2  2 

Colepptera  (beetles)  30  20 

Thysanoptera  (thrips)  6  3 

Orthoptera*  10  6 

Dermaptera*  1  1 

Lepidoptera*  (moths)  4  5 

Diptera*  (flies)  2  3 
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ridges  and  grooves  on  their  adjacent  surface,  a  labium,  a  large  slender  rigid  organ  with  a 
deeply  concave  anterior  surface  forming  two  channels  of  beak,  a  labrum,  mandibles  and 
maxillae.  The  two  pairs  of  stylets  form  a  compact  bundle  or  fasicle  which  slides  in  the 
groove  of  labium  and  constitutes  the  piercing  organ.  The  piercing  organ  has  two  canals, 
through  one  (salivary  canal)  saliva  is  injected  into  a  plant  and  through  the  second  (food 
canal)  food  is  sucked  up  from  the  plant.  The  beetle  vector  species  usually  lack  functional 
salivary  glands  (Markham  and  Smith  1949).  It  has  been  suggested  that  the  virus 
transmission  by  the  beetles  is  associated  with  the  process  of  regurgitation  (Walters 
1969).  Thus  the  interactions  between  the  sucking  type  of  vectors  and  the  biting  type  of 
vectors  are  different,  particularly  with  respect  to  virus  transmission.  The  saliva-plant 
interaction  is  important  in  case  of  the  sucking  type  of  vectors,  whereas  the  interaction 
between  the  plant  constituents  and  the  regurgitating  fluid  is  important  in  case  of  the 
biting  type  of  vectors. 

Extensive  research- has  been  conducted  on  the  feeding  behaviour  of  the  sucking  type 
of  vectors  (Nault  and  Gyrisco  1966).  It  has  been  demonstrated  that  aphids  and 
leafhoppers  usually  secrete  two  types  of  saliva,  sheath  materials  which  coagulates 
rapidly  and  forms  a  salivary  sheath  or  stylet  sheath  in  the  path  of  stylets  and  water 
soluble  saliva  (Miles  1968).  Most  of  the  aphids  and  leafhopper  form  this  sheath  around 
their  stylets  during  the  feeding  process.  Stylet  sheath  is  laid  by  the  vector  in  the  tissue  of 
the  host  and  it  stays  there  even  on  withdrawal  of  stylets.  It  shows  the  intercellular  (in 
case  of  aphids)  and  interacellular  (in  case  of  leafhoppers)  path  that  the  stylets  follow 
during  passage  through  tissues  and  also  the  point  where  it  terminates.  Stylets  move 
fairly  rapidly  within  this  sheath  but  it  subsequently  extends  beyond  the  sheath  for 
ingestion  of  food  materials  from  the  host  cells.  In  the  head  of  the  vectors,  there  are  food 
and  salivary  pumps,  which  help  to  regulate  the  flow  of  food  material  and  saliva.  The 
process  of  regurgitation  is  also  apparent  in  the  feeding  process  (Garrett  1973). 

The  feeding  process  of  vectors  involves  interactions  between  the  vectors  and  hosts. 
These  interactions  are  also  involved  in  virus  transmission.  The  scale  of  feeding  on 
different  host  in  the  virus  transmission  has  been  demonstrated  in  several  host-vector- 
virus  combination.  Hinz  (1969)  found  higher  transmission  of  sugar-beet  mosaic  and 
beet  yellow  by  proper  feeding  of  the  vector  on  Physalisfloridiana.  Similar  observations 
have  also  been  made  with  potato  leaf  roll  virus.  Thus  it  is  apparent  that  the  vector-host 
interactions  may  participate  in  virus  transmission.  Such  participations  may  be  in  the 
availability  of  primary  nutrients  and  characteristics  of  the  minor  constituents  of  plant 
sap,  identification  of  feeding  sites  by  the  vectors,  interaction  of  the  cell  sap  in  the 
formation  of  salivary  sheath  and  the  regurgitation  of  the  cell  sap  in  the  vectors. 


4.    Host-vector-virus  specificity 

The  insect  vectors  always  have  a  set  of  host  range.  The  study  on  the  feeding  tracts  of  an 
insect  in  different  plant  species  revealed  the  differences  in  the  extent  of  feeding  on  them 
(Day  et  al  1952;  Carter  1973).  These  differences  in  feeding  are  often  utilized  to  explain 
not  only  the  host  specificity  of  the  vectors  but  also  the  virus  specificity  of  the  hosts.  A 
host  more  susceptible  to  a  vector  is  usually  more  susceptible  to  the  virus.  When  the 
relative  susceptibility  of  Pankhari-203,  Latisail,  T(N)1  and  others  to  RTV  and 
N.  virescens  was  tested,  such  relationship  was  found  (tables  2  and  3).  Critical  analysis 
may  however  tend  to  indicate  that  host  specificity  for  vectors  and  viruses  may  not  be  due 
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Table  2.    Tungro  transmission  and  seedling  infection  by  viruliferous  Nephotettix  virescens  on 
10  rice  varieties. 


Insects 


Seedlings 


Infected 


Variety 

Tested 
(No.) 

Infec-      Reten- 
tive        sion 
(%)        (days) 

Inocu- 
lated 

(No.) 

Infec- 
tion 
(%) 

No./ 
insects 

No./ 
Infective 
insects 

Ambemohar 

40 

45            1-27 

182 

12-6 

0-57 

1-27 

Gampai  30-12-15- 

40 

35            1-07 

168 

8-9 

0-37 

1-07 

Habiganj  DW-8 

40 

7-5          1-00 

160 

1-8 

0-07 

1-00 

IR-26 

40 

67-5          1-40 

183 

20-7 

0-95 

1-40 

IR-34 

40 

37-5 

•13 

159 

10-7 

0-42 

1-13 

Kataribhog 

40 

15 

-16 

187 

3-7 

0-17 

1-16 

Latisail 

40 

75 

•76 

192 

27-6 

1-32 

1-76 

Pankhari  203 

40 

17-5 

-14 

173 

4-6 

0-20 

M4- 

Ptbl8 

40 

40 

•18 

169 

11-2 

0-47 

1-18 

TNI 

40 

82-5 

•54 

193 

26-4 

1-27 

1-54 

Total/Av. 

400 

42-2 

•26 

1766 

12-8 

0-58 

1-26 

Table  3.    Differential  transmission  of  different  strains  of  rice  tungro  virus  by  Nephotettix 
virescens  and  Nephotettix  nigropictus  in  T(N)1  seedlings. 


Percentage  of  transmission 


Virus 


N.  virescens 


N.  nigropictus 


RTV2B 

RTV3 

RTV4 


72 
80 
52 


Nil 
20 
32 


to  identical  reasons  in  all  cases.  The  feeding  ecology  of  herbivorous  insects  depends 
upon  the  availability  of  primary  nutrients  and  on  the  level  of  toxic  or  infering  minor 
constituents  of  the  cell  sap  (Mitchel  1981).  The  virus  susceptibility  of  the  hosts  may 
depend  only  upon  the  level  of  toxic  or  interfering  constituents  of  the  cell  sap.  T(N)1,  IR- 
8  and  Vijoya  which  show  differential  susceptibility  to  Nephotettix  virescens,  possess 
quantitatively  different  levels  in  some  primary  nutrients  (table  4).  The  effect  of  nutrients 
on  feeding  was  more  convincingly  showed  by  Wenster  (1962)  who  found  that  sinigrin  (a 
mustard  oil  glucoside  from  Brassicas),  when  introduced  into  bean  leaves  induces  the 
aphid  Brevicoryne  brassicae  to  feed  and  produce  young  ones  on  this  host  when 
normally  it  would  not.  The  effect  of  these  nutrients  on  the  susceptibility  to  viruses  has 
not  yet  been  studied.  The  nutrients  or  minor  constituents  of  a  host  that  affect  the 
feeding  behaviour  of  a  vector,  may  also  effect  the  virus  susceptibility  in  certain  host- 
vector-virus  combinations.  In  many  other  cases  however,  the  differential  feeding 
behaviour  alone  cannot  explain  the  differential  transmission  of  viruses.  Differences  in 
the  extent  of  transmission  of  a  particular  virus  occur  with  different  vector  species 
having  similar  feeding  efficiency  in  a  particular  host.  The  feeding  efficiency  of 
Nephotettix  virescens  and  Nephotettix  nigropictus  on  T(N)1  does  not  differ. 
Nephotettix  virescens  transmits  all  the  strains  of  rice  tungro  virus  (RTV)  in  T(N)1.  N. 
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nigropictus  can  transmit  only  RTV4  in  the  same  plant  species.  The  extent  of 
transmission  of  RTV4  by  N.  virescens  and  N.  nigropictus  differs  (table  3).  These 
differences  in  transmission  may  be  due  to  differential  reaction  of  the  host  with  the 
vector.  Mukhopadhyay  and  Chaudhuri  (1973)  demonstrated  the  differential  transmis- 
sion of  RTV  from  different  source  plant  (table  5).  When  a  particular  vector  species 
transmits  different  strains  of  a  particular  virus,  the  efficiency  of  transmission  may  also 
differ.  N.  virescens  transmits  RTV1}  RTV2B,  RTV3  and  RTV4.  The  percentages  of 
transmission  of  these  strains  by  N.  virescens  to  T(N)1  plants  differ  (table  3).  The 
differential  transmission  of  different  strains  of  viruses  by  a  particular  vector  may  not  be 
related  to  feeding  behaviour,  but  it  may  depend  upon  the  host-vector-virus  interactions 
involved  in  the  mechanism  of  the  acquisition  and  inoculation  processes  of  viruses  in  the 
hosts. 

5.     Mechanism  of  transmission  under  different  virus-vector-host  interactions 

The  nonpersistent  viruses  are  usually  localized  in  nonvascular  tissues.  These  viruses  are 
acquired  and  inoculated  in  these  tissues.  Circulative  viruses  are  accessible  in  phloem 
tissues  although  inoculation  may  occur  in  nonvascular  tissues.  Acquisition  is  expected 
to  begin  with  injestion  of  phloem  sap.  The  persistent  or  propagative  viruses  are 
acquired  from  vascular  tissues  and  inoculated  also  to  the  same  tissues. 

Table  4.  Quantitative  differences  in  nutrients  in  the  leaves  of  different  varieties  of  rice  having 
differential  susceptibility  to  Nephotettix  virescens. 

Contents  in  different  varieties  of  rice 
Nutrients  T(N)1  IR-8  Vijoya 


Total  sugar  (mg/g) 

50-0 

48-0 

53-0 

Reduced  sugar  (mg/g) 

5-5 

5-5 

5-4 

Nonreduced  sugar  (mg/g) 

44-5 

42-5 

47-5 

Phosphorus  (ppm) 

4177-0 

3520-8 

3729-2 

Nitrogen  (%) 

1-9 

2-7 

2-5 

Iron 

366-7 

391-6 

333-3 

Manganese 

302-1 

250-0 

458-3 

Table  5.-   Ability  of  Nephotettix  virescens  to  transmit  RTV  from  different  source  plants. 
Percentage  of  transmission  in  T(N)1  seedlings 
Crop  seasons 


Aus 

Aman 

Boro 

Source  variety 

(Autum  rice) 

(Winter  rice) 

(Summer  rice) 

IR-8 

60 

55 

85 

Jaya 

60 

65 

75 

Padma 

80 

90 

90 

Latisail 

15 

25 

30 
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Nonpersistent  viruses  are  usually  acquired  during  superficial  probes.  They  are  more 

readily  acquired  during  brief  probes  than  the  longer  ones.  The  transmission  threshold 

period  can  be  as  short  as  2  min,  also  the  viruses  can  be  efficiently  acquired  and 

inoculated  during  probes  of  only  10  to  30  sec.  The  host- vector- virus  interactions  in  all 

these  three  categories  of  vector-virus  relations  are  little  understood.  In  nonpersistent 

viruses,  host  factor  is  primarily  involved  in  the  mechanism  of  transmission,  as  the 

respective  viruses  are  not  retained  in  the  vectors;  in  semipersistent  and  persistent  viruses 

on  the  other  hand,  the  viruses  are  retained  in  the  respective  vectors  for  different  periods 

and  thus  their  transmissibility  is  also  dependent  on  the  extent  of  interactions  within  the 

vector  tissues.  In  circulative  viruses,  virus  accumulates  in  the  gut  as  feeding  on  a  source 

plant  continues.  Some  of  the  ingested  virus  is  actively  moved  through  the  gut  wall  into 

the  hemocoele,  and  some  are  excreted.  Once  in  the  hemocoele,  the  virus  can  be 

transported  in  the  hemolymph  and  may  accumulate  in  specific  tissues.  Eventually  the 

virus  is  actively  moved  through  the  salivary  system.  The  virus  is  introduced  into  plants 

with  salivary  material  during  stylet  penetration  and  the  establishment  of  a  feeding  site. 

Inoculation  can  occur  in  both  vascular  and  non-vascular  tissues.  Virus  release  is  a 

periodic  rather  than  a  continuous  event  during  feeding,  since  release  is  associated  with 

salivation  and  presumably  not  with  ingestion.  Semipersistent  viruses  do  not  multiply  in 

the  vectors  whereas  the  persistent  viruses  multiply  in  the  specific  tissues  of  the  vector. 

Many  experimental  results  suggest  that  nonpersistent  viruses  are  carried  on,  in  or  near 

the  mouthparts.  The  actual  mechanism  for  the  transmission  of  this  type  of  viruses  has 

not  yet  been  adequately  explained.  Some  workers  suggested  it  as  a  physical  attachment 

of  virus  particles  on  the  mandibular  stylets  which  have  a  series  of  ridges,  others 

suggested  the  holding  of  the  particles  in  food  canal  and  still  others  believed  the 

involvement  of  the  gelled  saliva.  The  production  of  the  plug  of  gelled  saliva  at  the  site 

where  the  stylets  puncture  the  leaf  (Sylvester  1962)  is  a  function  of  the  interaction 

between  the  saliva  and  sap  constituents.  Information  in  this  regard  is  however  very 

limited.  Research  on  such  interactions  may  unravel  the  truth  in  future.  Garrett  (1973) 

found  the  correlation  between  the  regurgitation  of  sap  and  the  aphid  transmission  of 

viruses.  The  regurgitation  process  reflects  interaction  between  the  plant  sap  and  the 

vectors.  How  such  interaction  leads  to  virus  transmission  is  not  yet  known.  Govier  and 

Kassanis  (1974)  identified  the  existence  of  a  transmission  factor  in  the  plant  sap.  This 

factor  is  also  to  be  acquired  by  the  vector  for  virus  transmission.  Potato  aucuba  mosaic 

virus  and  potato  virus  C  which  are  not  usually  transmissible  by  aphids,  could  be  easily 

transmitted  by  Myzus  persicae  when  these  viruses  are  acquired  by  the  vector  along  with 

the  transmission  factor.  The  mechanism  of  transmission  of  nonpersistent  viruses 

involves  two  processes  namely  acquisition  and  inoculation.  An  additional  process  of 

retention  is  involved  in  the  transmission  of  semi-persistent  and  persistent  viruses.  Both 

acquisition  and  inoculation  are  host-dependent  processes.  The  modes  of  participation 

of  the  host  tissues  in  the  transmission  may  differ  with  different  combinations.  There 

may  be  interfering  or  promoting  substances  or  there  may  be  additional  transmission 

factor. 


6.    Vector  host  interactions  in  disease  complexes 

Host-vector-virus  interactions  become  more  complicated  in  diseases  complexes  in 
which  the  vector  transmissibility  of  a  virus  depends  upon  the  participation  of  another 
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dependent  virus  or  assistor  virus  component.  Smith  (1946)  found  that  aphids  could 
transmit  tobacco  mottle  virus  only  from  the  plants  that  are  also  infected  with  vein 
distorting  virus.  The  mottle  virus  alone  is  juice  inoculable  but  not  aphid  transmissible. 
Hull  and  Adams  (1968)  found  similar  dependence  of  groundnut  assistor  virus.  The 
presence  of  assistor  viruses  has  also  been  reported  in  several  other  disease  complexes 
such  as  dependent  carrot  mottle  and  assistor,  carrot  red  leaf  (Watson  et  al  1964),  lettuce 
and  beet  western  yellow  virus  (Falk  1978),  tobacco  yellow  vein  and  tobacco  yellow  vein 
assistor  virus  (Adams  and  Hull  1972)  etc. 

Another  interesting  disease  complex  has  been  found  with  respect  to  physalis  yellow 
net  disease  (Weidemann  1971)  and  turnip  latent  virus  disease  (Mackinnon  1956). 
Although  both  the  diseases  result  from  simultaneous  infection  with  two  viruses,  neither 
of  them  are  juice  inoculable  or  truly  dependent  upon  the  other  for  aphid  transmission 
(Mackinnon  1965).  Mackinnon  and  Lawson  (1966)  found  that  physalis  mild  chlorosis 
virus  could  be  easily  isolated  from  the  mixture  which  is  efficiently  transmitted  by 
aphids.  The  physalis  vein  blotch  component,  which  is  aphid  transmissible  in  mixture, 
could  hardly  be  transmitted  by  aphids  when  isolated  in  pure  form. 

The  phenomenon  of  the  complex  diseases  suggests  complicated  vector-host-virus 
interactions.  Presence  of  dependent  or  assistor  viruses  may  change  the  intra-  or 
intercellular  environment  which  may  influence  the  vector-host  interactions  leading  to 
virus  transmission.  These  microlevel  cellular  environment  and  interactions,  however, 
are  yet  to  be  studied. 


7.     Vector  host  interaction  in  host  passage  effects 

Continuous  passage  of  different  viruses  through  the  hosts  or  vectors  may  alter  the 
transmissibility  of  the  concerned  viruses  by  their  vectors.  Passage  of  virus  through 
plants  may  affect  the  ability  of  insect  vectors  to  acquire  the  virus  and  the  passage  of  the 
virus  through  insects  may  affect  the  ability  of  the  insect  vector  to  transmit  the  virus  to 
plants.  Black  (1953)  found  that  potato  yellow  dwarf  virus  could  no  longer  be 
transmitted  by  its  vectors  after  16  yr  of  mechanical  transmission.  Black  et  al  (1958) 
found  that  wound  tumor  virus  lost  its  ability  to  be  transmitted  by  its  vector  after  several 
years  of  vegetative  propagation  in  Melilotus  officinalis.  Liu  et  al  (1973)  found  that  this 
loss  occurred  in  several  progressive  steps  and  was  accompanied  by  a  decline  of 
concentration  of  virus  in  the  texmors.  Reddy  and  Black  (1974, 1977)  found  that  the  loss 
of  vector  transmission  was  also  associated  with  a  loss  of  segments  of  the  mechanical 
transmission  to  soybean  or  Arachis  hypogea.  Koika  (1978)  found  that  the  ability  of  the 
aphid  Dactynotus  ambrosiae  to  transmit  a  strain  of  sugarcane  mosaic  was  lost  after  the 
virus  was  vegetatively  transmitted  in  and  mechanically  transmitted  to  sorghum  bicolor 
for  15  yr. 


8.     Discussion 

Insect  vector  relations  to  the  hosts  are  intimately  connected  with  the  transmission  of 
plant  viruses.  All  the  phytophagous  insects  are  not  vectors.  There  occurs  specificity  of 
the  vectors  with  respect  to  viruses.  The  specificity  may  be  of  varied  types  and  may 
depend  upon  host-vector  interactions.  A  large  number  of  vectors  may  transmit  a 
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particular  virus,  but  the  efficiency  may  differ.  The  difference  in  transmission  efficiency 
of  this  type  may  primarily  depend  upon  the  differences  in  feeding  behaviour  and 
relative  susceptibility  of  the  vectors  to  the  hosts.  The  hosts  which  are  more  susceptible 
to  vectors  may  show  higher  transmission.  The  susceptibility  of  the  hosts  to  different 
vectors  may  depend  upon  the  availability  of  primary  nutrients  and  minor  chemical 
constituents  of  the  plant  sap  which  may  promote  or  interfere  with  the  feeding 
behaviour.  In  differential  transmission  of  different  strains  of  a  particular  virus  by  a 
particular  vector  to  a  particular  host,  the  host-virus-vector  interactions  involved  in  the 
mechanism  of  the  transmission  may  play  an  important  role.  The  mechanism  of 
transmission  may  be  different  under  different  virus-vector  relations.  In  nonpersistent 
viruses,  acquisition  and  inoculation  processes  determine  the  extent  of  transmission.  An 
additional  process  of  retention  and  circulation  of  the  virus  in  the  body  of  the  vector 
takes  place  in  the  transmission  of  semi-persistent  and  persistent  viruses.  The  acquisition 
and  inoculation  of  viruses  by  vectors  are  host-dependent  processes.  The  extent  of  these 
processes  may  depend  upon  the  presence  of  promoting  or  interfering  or  inhibiting 
substances,  presence  of  transmission  factors  or  assistors  in  the  cell  sap  or  the 
interactions  between  the  virus,  cell  sap,  vector  saliva  and  other  vector  constituents 
during  regurgitation  of  the  food  ingested  by  the  vector  insects.  The  virus-vector-host 
interactions,  become  more  complicated  in  case  of  complex  diseases.  In  such  diseases, 
the  transmission  of  one  virus  depends  upon  the  presence  of  another  virus.  In  extreme 
cases  a  virus  appears  vector  transmissible  only  under  the  mixed  infection  condition. 
Under  these  circumstances,  the  concerned  viruses  may  have  genetic  complements  or 
there  may  be  change  in  the  cellular  microenvironment  to  induce  changes  in  the  vector 
relations.  Another  form  of  complexity  is  apparent  in  the  continuous  host  passage  of 
viruses.  In  several  such  cases  either  new  strains  may  develop  which  may  show  vector 
transmissibility  in  contrast  to  the  nonvector  transmissible  parental  forms.  There  are 
also  cases,  where  continuous  host  passages  have  resulted  loss  of  vector  transmissibility. 
The  insect  vector-host  relations  are  apparent  in  nature  particularly  with  respect  to 
the  transmission  and  evolution  of  plant  viruses.  Such  relations  have  both  agricultural 
and  ecological  values.  From  the  agricultural  view  point,  an  understanding  of  such 
relations  may  be  utilized  to  reduce  the  transmission  of  viruses  either  by  developing 
suitable  agroecosystem  or  by  genetic  manipulations  to  induce  reduction  in  transmiss- 
ibility. The  agricultural  utilizability  of  such  relations  is  still  a  hypothesis  and  needs 
intensive  research.  The  ecological  values  of  insect  vector-host  relations  are  apparent 
from  the  records  available  in  this  regard,  several  new  strains  have  evolved  in  nature, 
and  several  viruses  attenuate  due  to  the  loss  of  their  transmissibility.  The  evolution  of 
new  strains  and  attenuation  of  existing  viruses,  are  to  affect  the  ecology  of  viruses, 
which  may  ultimately  affect  the  ecosphere.  The  evolutionary  significance  of  this  insect- 
vector-host  interactions  needs  extensive  systemic  study. 
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Flower-insect  interaction  in  pollination 
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Abstract.  Pollination  is  one  of  the  most  fascinating  aspects  of  interaction  between  plants  and 
insects.  The  extent  of  interdependence  is  regulated  by  phenology,  floral  characters  as  well  as  by 
form,  structure  and  behaviour  of  the  pollinators.  During  evolution  flowers  have  developed 
various  strategies  for  attracting  insects. 

We  have  studied  the  biology  of  pollination  in  Lantana  camara,  a  pernicious  weed.  The 
colour  variant  used  in  this  study  bears  yellow  flowers  at  an  thesis  which  subsequently  change  to 
orange,  scarlet  and  magenta.  Lantana  is  self-compatible  but  needs  insects  for  pollination. 
Thrips  have  been  found  to  be  consistent  and  regular  pollinators.  They  visit  only  yellow  flowers 
and  avoid  flowers  of  other  colours.  Colour  change  is  triggered  by  pollination  and  functions  in 
the  partitioning  of  the  pollinator  and  consequently  helps  in  conserving  pollinator  energy. 
Whereas  butterflies  visit  lantana  in  two  seasons,  thrips  are  associated  with  it  all  through  the 
year  and  play  an  important  role  in  seed  production.  By  adapting  to  thrips  pollination  Lantana 
has  become  highly  widespread. 

Keywords.  Anthecology;  entomophily;  floral  pigments;  Lantana  camara;  thrips;  weed 
biology. 


General  Account 

Green  plants  are  the  primary  producers  and  all  non-green  plants  and  animals  depend 
on  them  for  sustenance.  Insects  have  been  associated  with  plants  during  their  long 
course  of  evolutionary  history. 

Interactions  between  plants  and  insects  can  vary  from  extreme  degrees  of  hostility 
and  antagonism  to  dependence  as  in  lac  and  silk  insects  or  mutualism  as  in  pollination 
of  figs,  Aristolochia,  Salvia,  Yucca,  Vanda  and  Ophrys. 

Like  astronomy  and  bird  watching,  the  study  of  insects  and  their  role  in  pollination 
and  gall  making  has  been  one  of  man's  earliest  curiosities.  Over  centuries  both  amateurs 
and  specialists  have  generated  a  large  amount  of  information  on  the  structure, 
classification,  feeding  habits,  behavioural  patterns  and  life-cycles  of  insects  and  plants. 

This  meeting  which  has  brought  together  people  working  in  diverse  areas  such  as 
ejntomology,  pathology,  botany  and  chemistry  is  an  important  one  as  it  would  provide 
an  opportunity  to  exchange  knowledge  and  excitement  not  only  about  the  fundamental 
aspects  of  plant-insect  interactions  but  also  in  finding  answers  to  some  of  the  important 
world  questions  such  as  control  of  plant  diseases  and  insect  pests. 

In  combating  insect-vector  borne  infectious  diseases  of  man  and  other  vertebrates,  a 
good  deal  of  scientific  know-how  has  been  gathered  and  various  methods  of  control 
have  been  developed. 

Overpopulation,  continuing  food  shortage,  ravages  of  plant  diseases,  especially  those 
caused  by  viruses,  mycoplasma,  and  the  alarming  extent  of  degradation  of  the 
environment  through  chemical  pollutants  and  pesticides,  spread  of  exotic  weeds  and 
other  pressing  problems  demand  more  desperate  strategies  for  action.  These  call  for  a 
greater  understanding  of  the  interrelations  between  plants  and  insects. 
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Among  the  various  interrelations  between  plants  and  insects,  pollination  has  been 
the  most  fascinating  one  and  is  regulated  by  phenology,  floral  characters  as  well  as  by 
form,  structure  and  habits  of  the  pollinators.  There  are  numerous  examples  of 
coevolution  of  insects  and  flowers.  Coevolution  may  be  usefully  defined  as  an 
evolutionary  change  in  a  trait  of  the  individuals  in  one  population  in  response  to  a  trait 
of  the  individuals  of  a  second  population,  followed  by  an  evolutionary  response  by  the 
second  population  to  the  change  in  the  first  ( Janzen  1980). 

One  of  the  main  factors  in  the  rapid  rise  and  evolutionary  diversification  of  the 
angiosperms  during  the  cretaceous  era  was  the  development  of  the  flower  into  a  highly 
efficient  structure  for  cross-pollination  and  seed  dispersal.  This  led  to  a  far  greater 
degree  of  genetic  recombination  and  rapid  colonisation  of  habitats  which  were 
comparatively  unsuitable  for  their  ancestors. 

The  basic  trends  in  floral  evolution  have  been  reduction  in  size  of  floral  components, 
concealment  of  nectaries,  fusion  of  floral  parts,  aggregation  of  flowers  into  in- 
florescences and  development  of  attractants  for  pollinators.  The  attractants  needed  to 
lure  the  pollen-vectors  are  broadly  classified  as  primary  and  secondary.  The  first  include 
food,  supplied  in  the  form  of  pollen,  nectar,  fleshy  petals  and  other  floral  tissues,  food 
bodies  and  various  secretions  including  the  stigmatic  exudate.  Secondary  attractants 
range  from  odour,  visual  attractants  (colour,  shape  and  number  of  floral  parts) 
breeding  ground  for  insects,  protection  and  brood  place,  and  sexual  attraction  (Faegri 
and  van  der  Fiji  1971). 

Beetles  are  considered  as  general  primitive  pollinators.  Bees  and  butterflies  are  more 
specific  in  their  movements.  Bees  collect  pollen  and  nectar  and  are  adapted  tc 
nectariferous  flowers  or  those  producing  abundant  pollen.  Bee-pollination  is  o1 
immense  significance  because  bees  are  the  most  important  pollinators  of  economic 
crops  (Proctor  and  Yeo  1972). 

Recently,  there  has  been  a  resurgence  in  the  interest  of  studying  the  role  of  smal 
insects  in  anthecology.  These  were  probably  overlooked  earlier  because  of  their  size 
Thysanoptera,  considered  as  phytophagous  and  gall-making  insects  have  now  gainec 
importance  because  of  their  involvement  in  pollination  of  members  of  the  Compositac 
(Ananthakrishnan  1982;  Ananthakrishnan  el  al  1981  a,  b;  Gopinathan  et  al  1981) 
Ericaceae  and  of  palms  and  beet  (Annand  1926;  Billes  1941;  Shaw  1914;  Syed  1979) 


Pollination  in  Lantana  camara 

Our  attention  to  study  pollination  in  Lantana  camara,  an  exotic  troublesome  shrub  waj 
drawn  by  the  fact  that  it  bears  flowers  which  are  yellow  at  anthesis  and  change  theii 
colour  to  orange,  scarlet  and  finally  magenta.  It  was  of  interest  to  establish  the  cause  o 
flower  colour  change.  Lantana  was  reported  to  be  pollinated  by  butterfliei 
(Dronamraju  1958;  Schemske  1976;  Barrows  1976).  As  fruit  set  was  noted  in  all  th< 
months  of  flowering,  it  became  important  to  ascertain  the  nature  of  the  regula: 
pollinators. 

Six  stages  of  flower  development  were  recognized.  Phenological  events  including  th< 
time  of  anthesis,  time  of  pollination,  duration  of  each  stage  on  the  inflorescence,  pollei 
germination,  pollen  tube  growth  etc  were  studied.  Pollination  was  established  as  th< 
trigger  for  petal  colour  change.  This  led  to  the  elucidation  of  the  nature  of  pollinatioi 
and  pollinating  agents.  Bagging  experiments  using  both  butter  paper  and  nylon  mesl 
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bags  showed  that  the  flowers  were  self-pollinated  but  needed  a  small  insect  vector.  The 
insect  pollinators  were  two  species  of  thrips  namely  Thrips  hawaiiensis  and  Haplothrips 
tenuipennis  (Mathur  and  Mohan  Ram  1978). 

An  year-round  study  of  thrips  populations,  floral  density,  fruit  set  and  butterfly 
visitations  revealed  that  thrips  are  consistently  associated  with  fruit  set.  Even  in  the 
absence  of  butterflies  fruit  set  occurs;  hence  they  cannot  be  the  regular  pollinators. 
Butterflies  probably  visit  lantana  flowers  only  to  collect  nectar. 

Thrips  were  associated  with  only  yellow  flowers  on  the  inflorescence.  This  is  also  the 
receptive  stage  for  pollination.  The  next  question  to  be  answered  was:  what  attracts 
thrips  to  yellow  flowers?  Is  it  colour,  odour,  food  substances  or  a  place  to  breed? 
Experimental  studies  to  elucidate  these  factors  showed  that  thrips  were  attracted  to 
yellow  coloured  sticky  panels  ('stickem'-coated  formica  panels)  suspended  on  the 
bushes  as  well  as  yellow  coloured  rubia  cloth  discs  kept  in  a  petri  plate. 

Under  field  conditions  thrips  feed  on  the  copious  stigmatic  exudate  and  the 
abundant  pollen  grains  present  inside  the  yellow  flowers.  On  account  of  the 
constriction  of  the  corolla  below  the  region  of  the  stigma,  the  thrips  are  unable  to  reach 
the  base  of  the  flower  to  gain  access  to  the  stored  nectar.  While  feeding  the  thrips  move 
about  within  the  flowers,  effecting  pollination.  Experiments  have  indicated  that  thrips 
can  be  artificially  fed  on  sugary  substances  like  diluted  jaggery  and  sucrose  solution. 

Experimental  bud  opening  under  in  vitro  conditions  has  shown  that  the  yellow  petal 
colour  does  not  change  to  orange  if  left  unpollinated.  Those  flowers  pollinated  in 
nature  show  colour  change  even  when  their  corollas  are  excised  and  placed  on  agar. 

The  pigments  involved  in  colour  alterations  in  flowers  were  analysed  both 
qualitatively  and  quantitatively  using  standard  methods  of  solvent  extraction,  solvent 
separation,  paper  and  thin  layer  chromatography  for  purification,  cochromatography, 
Rf  values  in  standard  solvent  systems  and  spectral  analysis.  The  major  pigments  were 
identified  as  jS-carotene,  (the  yellow  pigment)  and  delphinidin  monoglucoside  (the  red 
pigment). 

The  antheco logical  events  occurring  in  lantana  are  summarized  in  figure  1.  Buds  are 
pink-tipped,  they  open  into  yellow  flowers.  These  are  pollinated  by  thrips  subsequent  to 
which  they  change  colour  to  orange  the  next  day.  This  colour  change  is  due  to  enhanced 
synthesis  of  anthocyanin  as  a  consequence  of  pollination.  As  anthocyanin  synthesis 
continues,  the  orange  flowers  change  colour  to  magenta  after  passing  through  scarlet. 
Ovary  development  becomes  evident  by  the  magenta  colour  stage. 

It  is  important  to  note  that  adaptation  to  thrips  pollination  in  lantana  is  secondary  to 
butterfly  pollination  but  has  enhanced  seed  production  and  has  contributed  to  the 
widespread  distribution  of  this  weed.  There  are  many  other  plants  in  which  post- 
anthesis  shift  in  flower  colouration  occurs  and  it  will  be  rewarding  if  the  significance  of 
pigment  shift  in  relation  to  pollination  is  established. 


Conclusions 

Pollination  biology  began  as  a  purely  observational  science  and  fascinated  the  scientist 
and  the  amateur  alike.  However,  there  has  been  a  justifiable  shift  from  the  purely 
descriptive  accounts  on  pollination  towards  experimentation,  quantification  of  data 
and  behavioural  studies.  Pollination  has  become  a  part  of  mtra-floral  ecology  involving 
energetics,  and  is  gradually  being  developed  on  an  ecosystem  basis  and  its  value  in  the 
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flower  bud 
PRE- ANTHESIS       (light  pink) 

^ bud  enlargement  and  flower 
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ANTHESIS  open  flower 

( yellow )  < thrips  association  ( pollination) 

consumption  of  stigmatic 
exudate    and  pollen  (thrips) 

depletion  of >    < initiation    of  anthocyanin  synthesis 

nectar  (butterflies) 


POST- ANTHESIS         flower 
(orange) 


•  anthocyanin  synthesis  continued 


flower 
(scarlet) 


onset  of  petal  senescence 


flower 
(magenta) 


—  corolla    abscission 
young  fruit 

Figure  1.    Anthecological  events  in  Lantana  camara. 


understanding  of  biological  evolution  has  been  recognized.  Techniques  such  as  spectral 
analysis,  colorimetry,  electroantennography,  stereoscopic  light  system,  visual-sound 
analysis,  micro-chroma tography  and  scanning  electron  microscopy  are  currently  being 
pressed  into  service  to  solve  anthecologieal  problems  (Richards  1978). 
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interactions  with  special  reference  to  pollination 
ethology 
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Abstract.  That  certain  species  of  wasps  developing  inside  the  wild  variety  of  figs  are 
responsible  for  the  setting  and  ripening  of  the  fruits  (caprification)  of  the  cultivated  variety  of 
figs  of  the  same  species  (Ficus  carica  L)  is  well  known.  Besides  each  species  of  Ficus  having  its 
specific  agaonid  pollinator  and  a  close  mutualistic  symbiosis,  several  adaptive  modifications 
in  the  agaonids  and  Ficus  species  appear  significant  in  the  course  of  evolution  of  this 
relationship.  Recent  studies  on  the  pollination  ethology  of  the  agaonids  have  shown  that 
besides  the  passive  mode  of  pollen  transfer  (topocentric  pollination)  an  active  and  deliberate 
type  of  pollen  transfer  (ethodynamic  pollination)  exists,  which  is  associated  with  the 
development  of  specialised  structures  like  the  mesothoracic  pollen  pockets  and  the  fore  coxal 
corbiculae.  The  ecophysiological  changes  in  the  interior  of  the  ripening  fig  syconia  also  play  an 
important  role  in  pollination  during  the  post-emergence  behaviour  of  the  males  and  females  in 
some  agaonids.  Further  lines  of  work  in  the  fascinating  area  of  fig-wasp  research  are  indicated. 

Keywords.    Agaonidae;  Ficus;  interactions;  pollination  ethology. 


1.     Introduction 

Since  pre-historic  times  the  cultivation  of  the  edible  fig  (Ficus  carica  L.)  has  been  an 
important  industry  in  the  countries  around  the  Mediterranean  Sea.  Even  then,  it  was 
known  that  the  setting  and  ripening  of  the  cultivated  figs  were  dependent  on  the  local 
presence  of  the  wild  fig  (caprifig)  tree  of  the  same  species.  The  first  report  about  the 
strange  association  between  the  cultivated  fig  trees  and  the  chalcidoid  wasps 
(Blastophaga)  developing  inside  the  caprifigs  was  probably  those  of  Aristotle  and 
Theophrastus  (about  340  B.C.).  They  knew  that  these  wasps  were  in  some  way 
responsible  for  the  setting  and  maturation  of  the  fruit.  It  became  the  practice  to  either 
plant  a  few  caprifig  trees  among  the  cultivated  fig  trees  in  orchards,  or  to  cut  the 
branches  of  the  caprifig  trees  bearing  ripe  figs  and  hang  these  branches  from  the 
cultivated  fig  trees  at  the  appropriate  phases  of  the  crop  development  to  enable 
the  Blastophaga  emerge  and  enter  the  tender  edible  figs  to  effect  the  setting  and  ripening 
of  the  figs,  a  procedure  known  as  caprification. 


2.    Ficus  species  and  their  specific  agaonid  pollinators 

Studies  on  the  fig  wasps  during  the  later  period  of  the  last  century  and  the  early  period 
of  the  present  century  revealed  the  identity  of  these  wasps  as  the  insects  involved  in 
caprification.  The  works  of  Saunders  (1878),  Westwood  (1882),  Mayer  (1882),  Mayr 
(1885),  Muller  (1856),  Cunningham  (1889),  Eisen  (1891),  Baker  (1913),  Condit  (1918, 
1947,  1963),  Grandi  (1920),  Joseph  (1958,  1966),  Hill  (1967a,  b),  Wiebes  (1973,  1976, 
1981),  and  Abdurahiman  and  Joseph  (1976, 1978)  showed  that  the  plants  of  the  genus 
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Ficus  exist  in  a  state  of  close  mutualistic  symbiosis  with  the  various  chalcidoid  wasps 
belonging  to  the  family  Agaonidae  and  that  each  species  of  the  plant  has  its  specific 
agaonid  pollinator. 


3.    The  mutualistic  symbiosis  of  Ficus  and  their  agaonid  wasps  and  its  interaction 

Fig-agaonid  symbiosis  is  a  complex  interrelationship  in  which  morphological, 
behavioural  and  physiological  effects  of  the  partners  are  interpreted  into  a  functional 
whole  reminescent  of  a  unique  superorganism  (Galil  and  Eisikowitch  1971).  Natural 
selection  has  moulded  the  reciprocal  evolution  of  both  symbionts  and  the  adjustment 
between  the  two  organisms  is  very  finely  balanced.  Consequently,  the  characteristics  of 
one  partner  can  be  properly  evaluated  only  when  considered  together  with  their  second 
partner.  The  moulding  effect  of  natural  selection  expresses  itself  in  many  minute 
structural  details  and  correspondingly  in  behavioural  patterns,  which  are  of  vital 
importance  for  the  coexistence  of  both  organisms,  the  Ficus  species  and  the  symbiotic 
wasps.  Such  instances  of  mutualistic  interaction  and  adjustments  are  seen  in  the 
following  cases  (Galil  and  Eisikowitch^  1971): 

3.1.    Style  length  ratios 

In  monoecious  figs  (eg.  F.  religiosa  L;  F.  sycomorus  L;  etc.),  where  two  types  of  female 
flowers  and  the  male  flowers  occur  in  the  same  syconium  (and  in  the  dioecious  figs  (eg. 
F.  carica  L;  F.  hispida  L;  F.  exasperata  Vahl;  etc.)  where  the  short-styled  and  long- 
styled  flowers  occur  in  separate  syconia,  the  differentiation  of  the  female  flowers  into 
short-styled  flowers  in  which  the  wasps  are  able  to  oviposit  and  undergo  development, 
and  the  long-styled  flowers  wherein  the  ovaries  are  beyond  the  reach  of  the  wasps' 
ovipositor,  appears  vital  for  the  survival  of  the  host  plant  species  and  its  wasp 
symbiont.  The  evolution  of  long-styled  flowers  can  thus  be  regarded  as  a  'self  defence' 
adaptation,  preventing  the  figs  against  the  attack  of  the  agaonid  wasps.  This  also  offers 
clear  prpof  as  to  the  importance  of  the  ovipositor  length  in  the  maintenance  of  an 
equilibrium  in  the  symbiosis  where  the  plant  is  able  to  produce  seeds  in  the  long-styled 
flowers  by  preventing  the  oviposition  of  the  wasps  with  abbreviated  ovipositor  and  at 
the  same  time  these  wasps  are  able  to  breed  in  short-styled  flowers. 

3.2    Sex  ratios 

It  is  well  known  that  the  sex  ratios  in  plants  and  animals  are  not  accidental,  but  are  due 
to  complex  characteristics  associated  with  reproduction,  for  example,  with  the  sexual 
act  and  various  subsidiary  activities  of  males  and  females.  Since  only  the  females  are 
involved  in  the  production  of  the  eggs  which  give  rise  to  the  new  organisms,  the  fitness 
of  the  species  as  a  whole  may  depend  on  fixed  proportions  between  males  and  females, 
in  which  the  number  of  males  does  not  exceed  certain  limits  <)f  the  minimum  required 
for  the  fulfilment  of  their  various  functions.  This  holds  good  for  the  sex  ratio  proper  in 
dioecious  organisms  as  well  as  for  the  separate  male  and  female  organs  in  monoecious 
ones.  In  the  syconia  of  Ficus,  the  significance  of  sex  ratio  for  the  survival  potential  of 
both  organisms  is  especially  clear.  Within  the  restricted  and  enclosed  living  space  of  the 
syconium,  increase  in  one  of  the  constituents  may  occur  only  at  the  expense  of  others. 
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Thus  the  development  of  a  large  number  of  male  flowers  leaves  only  little  room  for  the 
female  flowers  which  are  intended  to  give  rise  to  the  new  generation  of  seeds  and  wasps. 
The  same  applies  to  the  wasp  sex  ratio:  development  of  many  males  results  in  fewer 
females,  since  both  compete  for  the  same  gall  flowers. 

Undoubtedly,  the  wide  fluctuations  in  the  number  of  anthers  in  the  syconia  of  the 
different  Ficus  spp.  reflect  on  the  efficiency  of  pollination.  In  the  figs  ofFicus  religiosa 
and  F.  sycomorus,  there  are  comparatively  very  few  anthers  (9-19  and  60-80 
respectively).  This  characteristic  is  correlated  with  a  highly  evolved  and  efficient 
pollination  process  which  is  accomplished  with  utmost  precision  and  with  great 
economy  of  pollen  (Galil  and  Eisikowitch  1969;  Galil  and  Snitzer-Pasternak  1970).  On 
the  other  hand,  the  vernal  male  syconia  of  the  common  fig  (the  profichi  of  F.  carica) 
produces  abundant  pollen  from  approximately  200  male  flowers,  containing  several 
stamens  each  and  the  male  flowers  occupy  a  considerable  part  of  the  fig.  Blastophaga 
psenes  L,  the  pollinator  of  the  common  fig,  lacks  pollen  pockets  so  that  pollen  loading 
is  achieved  passively  by  dusting  the  wasp's  body  as  it  passes  between  the  open  anthers 
on  the  way  out.  The  large  number  of  anthers  and  the  profusion  of  pollen  is  most  likely 
indicative  of  the  absence  of  highly  evolved  pollen  collecting  organs  and  instincts  in  the 
pollinating  wasps,  such  as  are  found  in  the  pollinators  off.  religiosa  and  F.  sycomorus. 

The  sex  ratio  of  the  fig-inhabiting  wasps  reflects  on  several  characteristics  associated 
with  the  copulation  act  and  other  duties  of  the  male.  When  the  female  wasps  are  easily 
accessible  and  the  copulation  act  is  thus  assured  and  brief,  polygamous  males  may 
fertilise  a  large  number  of  females.  Joseph  (1958)  compared  the  sex  ratio  of 
Blastophaga  psenes  L.  with  that  of  its  parasite,  Philotrypesis  caricae  L.  In  the  former,  the 
males  perform  the  copulation  act  while  the  females  are  still  confined  in  their  respective 
galls.  The  sex  ratio  is,  therefore,  comparatively  low  (10-15  males  for  100  females 
according  to  Grandi  1930;  6-7  males  for  100  females  according  to  Condit  1947).  In 
Philotrypesis,  the  more  complex  sexual  act  is  accomplished  in  the  syconial  cavity  and 
the  male  must  accost  the  female  as  she  leaves  her  gall.  Here  the  male  is  much  more 
skilful  and  the  sex  ratio  is  higher  (55-60  males  for  100  females,  according  to  Joseph 
(1958). 

3.3     Coordination  of  development  spans 

In  fig  symbiosis,  coordination  of  the  duration  of  development  of  the  participating 
organisms — the  syconia  and  the  agaonid  wasps — is  of  vital  importance.  Were  the 
syconia  to  drop  too  early,  when  the  wasps  were  still  at  the  larval  stage,  the  insects 
would  not  reach  maturity.  Conversely,  were  the  syconia  still  green  and  hard  upon  the 
maturation  of  the  wasps,  the  faunula  of  the  fig  would  be  imprisoned  and  doomed  to 
extinction. 

Such  coordination  in  the  fig,  is  particularly  complicated  because  the  participating 
organisms  belong  to  different  kingdoms  (the  plant  and  the  animal).  Their  responses  to 
changes  in  climatic  conditions,  especially  to  temperatures,  may  differ.  Under  these 
circumstances  extreme  flexibility  of  the  adapting  mechanism  is  indispensable  for 
ensuring  the  survival  of  both  the  participants.  The  success  of  the  symbiosis  can  be 
ensured  by  the  imposition  of  the  developmental  rhythm  of  the  most  sensitive 
component,  namely  that  of  the  wasps,  upon  that  of  the  other  components.  For 
instance,  at  the  early  stages  of  development,  oviposition  by  the  wasps  prevents 
dropping  of  the  figs  and  ensures  development  of  the  figs  to  final  ripening,  even  in  the 
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absence  of  flower  pollination  and  embryo  formation.  The  viability  and  maturation  of 
the  unpollinated  syconia,  due  to  occupation  by  the  wasps  is,  therefore,  of  vital 
importance  to  the  annual  life  cycle  of  the  insects.  The  effect  of  the  secretion  of  the  acid 
gland  of  the  wasp  injected  into  the  fig  ovaries  during  oviposition,  is  physiologically 
comparable  to  that  of  normal  fertilisation  in  flowers.  This  is  very  clearly  evident  in 
F.  sycomorus  where  no  pollination  takes  place  (Galil  et  al  1 970).  As  long  as  the  fig  wasp 
larvae  are  found  within  it,  the  fig  shows  great  resistance  to  ripening.  The  situation 
changes  entirely  when  the  wasps  reach  maturity  and  the  males  perforate  their  galls  and 
issue  forth  into  the  syconial  cavity.  The  receptacle  then  softens  and  ripening  ensues 
regardless  of  whether  or  not  these  syconia  contain  seeds.  It  would  seem,  therefore,  that 
the  wasps  accelerate  fig  ripening,  thus  adjusting  the  developmental  rhythm  of  the 
receptacles  to  their  own. 

3.4  Provisioning  of  food  by  the  agaonid  wasp  for  its  developing  stages 

Blastophaga  psenes  lays  the  egg  in  the  short-styled  Ficus  ovaries  between  the  internal 
integument  and  nucellus  (Longo  1909).  This  observation  was  later  confirmed  by 
Grandi  (1920)  and  Joseph  (1958)  in  the  same  species,  and  also  in  another  agaonid 
species,  viz  Ceratosolen  marchali  Mayr,  by  Abdurahiman  and  Joseph  (1976).  Along 
with  each  act  of  oviposition,  B.  psenes  injects  a  little  of  the  secretion  of  its  poison  gland 
which  inducts  gall  formation  by  the  division  of  the  secondary  nucellus  of  the 
embryonic  sac  leading  to  the  parthenogenetic  development  of  the  endosperm  which 
serves  as  a  provision  of  food  for  the  developing  stages  of  the  insect.  The  effect  of  this 
secretion  is  physiologically  comparable  to  that  of  normal  fertilization  in  flowers  as 
already  stated  above. 

3.5  Pollination  benefits  for  the  wasps 

Perhaps  the  most  intriguing  question  in  connection  with  the  pollination  act  of  Ficus 
spp.  (F.  religiosa  and  F.  sycomorus)  is  how  all  the  structural  and  behavioural 
characteristics  of  the  pollinating  wasps  (Galil  and  Eisikowitch  1969;  Galil  and  Snitzer- 
Pasternak  1970)  could  have  arisen,  in  the  absence  of  any  immediate  benefit  of  the 
process  to  the  wasp  itself.  What  could  have  been  the  selective  advantage  which 
promoted  the  development  in  them  of  unique  pollen  pockets  and  of  appropriate 
instincts  to  load  these  pockets  inside  old  figs  and  empty  them  inside  young  receptive 
figs,  during  the  act  of  oviposition? 

In  Yucca  sp.  by  the  Yucca  moth  (Tegeticula)  also  the  pollination  act  consists  of 
pollen  loading  and  unloading  which  appears  to  be  without  any  direct  benefit  to  the 
insect  (Riley  1891).  But  in  Yucca  the  selective  advantages  which  could  have  promoted 
development  of  the  necessary  structures  and  instincts  in  the  moth  are  clearly  evident,  in 
as  much  as  unpollinated  flowers  drop  very  soon  and  pollination  is  thus  indispensable 
for  the  survival  of  the  larvae  which  develop  within  the  ovaries. 

But  in  the  unpollinated  figs  of  F.  religiosa  in  which  the  wasps  had  oviposited,  an 
unbalanced  development  takes  place  where  the  nucellar  tissue  and  the  parthenogenetic 
endosperm  may  be  a  poor  food  source  for  the  wasp  larvae  and  insufficient  for  most 
females  which  undergo  a  differential  mortality  with  regard  to  the  males  (Galil  and 
Eisikowitch  1971).  In  any  case,  the  unbalanced  development  of  the  unpollinated  figs 
and  especially  the  scarcity  of  the  female  wasps  in  them,  must  constitute  serious 
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drawbacks  to  the  perpetuation  of  the  wasps.  This  might  have  been,  as  in  Yucca,  the 
selective  disadvantage  which  stimulated  the  evolution  of  the  particular  wasp  structures 
and  instincts  associated  with  pollination. 


4.    Pollination  ethology 

Though  the  fig  wasps  were  known  to  be  the  sole  agents  of  pollination  in  all  Ficus 
species,  the  manner  in  which  these  minute  and  glabrous  bodied  wasps  effect  the 
transfer  of  pollen  was  not  well  understood  till  somewhat  recently.  Galil  and 
Eisikowitch  (1969)  and  Ramirez  (1969)  discovered  the  presence  in  various  species  of 
female  wasps  of  unique  organs  which  serve  as  containers  for  the  transportation  of 
pollen.  It  is  now  known  that  some  species  of  the  wasp  genera  like  Blastophaga, 
Ceratosolen,  Marietta,  Liporrhopalum,  Agaon,  Allotriozoon,  Elizabethiella  and 
Pleistodontes  possess  these  specialised  structures  like  'pollen  pockets'  and  'corbiculae'. 
(Galil  1973;  Galil  and  Eisikowitch  1968,  1969,  1971,  1974;  Ramirez  1974;  Galil  et 
al  1973a;  Galil  and  Neeman  1977;  Mathew  Joseph  and  Abdurahiman  198 1).  However, 
it  has  been  found  that  there  is  considerable  variation  in  the  structure  and  behaviour  of 
the  pollinators  of  the  different  species  of  Ficus.  In  Blastophaga  psenes,  the  pollinator  of 
F.carica,  no  such  cavities  have  been  located  and  the  pollen  is  passively  carried  on  the 
body  surface  of  the  female  wasp.  Galil  (1973)  termed  this  type  of  pollen  transfer  as 
"topocentric  pollination",  in  contrast  to  the  "ethodynamic  pollination"  which  occurs 
in  quite  a  number  of  fig  wasp  species  wherein  the  specific  structures  and  behaviour 
concerned  with  pollination  are  involved. 

Ramirez  (1969)  reported  the  presence  of  pollen  grains  in  the  digestive  tracts  of  twelve 
species  of  Tetrapus.  It  is  assumed  that  while  these  wasps  crawl  among  the  masses  of 
stigmas  of  the  Ficus  flowers  in  their  attempt  to  oviposit,  they  also  regurgitate  the  polle.n 
on  them. 

In  Ceratosolen  arabicus,  the  pollinator  of  F.  sycomorus,  Galil  and  Eisikowitch  (1968, 
1969, 1971 , 1974)  described  the  behaviour  of  the  wasp  during  different  phases  of  the  fig. 
Before  the  exit  of  the  fertilised  females  from  the  almost  ripe  figs,  the  males  assemble  at 
the  upper  part  of  the  syconium.  As  the  amount  of  the  liquid  in  the  syconium  decreases, 
the  stamens  gradually  protrude  from  their  perianths  at  the  male  zone  of  the  fig  around 
the  ostiole.  The  males  clasp  and  cut  off  the  anthers  and  tumble  down  into  the  cavity  of 
the  fig  while  still  holding  the  anthers  between  the  legs.  Simultaneously  the  female  wasps 
that  emerge  out  from  their  galls,  approach  the  cut  anthers  and  grasp  them.  Using  their 
mandibles  and  the  scapes  of  the  antennae,  they  widen  the  narrow  dehiscence  slit  of  the 
anther  and  with  the  arolia  of  the  fore  legs  lift  pollen  on  to  the  ventral  surface  of  the 
body.  The  thorax  is  curved  so  that  the  covering  membranes  of  the  mesothoracic  pollen 
pockets  stand  out  along  their  inner  suture  leaving  a  wide  opening  for  the  pocket.  With 
the  help  of  the  coxal  combs  of  the  fore  legs,  the  pollen  grains  are  now  shovelled  into  the 
pocket.  Such  females  loaded  with  pollen  grains  emerge  out  of  the  syconium  and  enter 
the  young  syconium  to  lay  eggs  in  pistils  and  performs  the  'pollination  act'.  Toward  the 
end  of  oviposition,  the  forelegs  of  the  wasp  fold  back  until  the  arolia  reach  the  lower 
margin  of  the  pockets  and  then  lower  to  touch  the  stigmas  bringing  the  pollen  grains  on 
them.  In  Ceratosolen  hewitti,  the  pollination  of  the  dioecious  Ficus  fistulosa,  Galil 
(1973)  studied  the  presence  of  closed  thoracic  pockets  and  coxal  combs  and  showed 
an  identical  type  of  behaviour  in  pollen  loading  and  unloading.  Mathew  and 
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Abdurahiman  (1981)  discussed  the  mechanism  of  pollination  in  Ficus  racemosa.  In  this 
fig,  the  pollinator  Ceratosolenfusciceps  Mayr  lacks  'coxal  corbiculae'  as  described  by 
Ramirz  (1969).  They  observed  that  the  female,  before  the  termination  of  oviposition, 
folds  up  her  fore  legs  and  scratches  the  pockets  3-5  times  with  her  arolia  and  claws. 
These  to  and  fro  movements  of  the  forelegs  shovel  some  pollen  grains  to  the  stigmas. 
This  was  followed  by  striking  the  tarsi  against  each  other  and  rubbing  the  arolia  and 
claws  on  the  stigmal  surface  effecting  the  transference  of  pollen. 

The  pollination  ethology  of  the  agaonids  breeding  in  the  receptacles  of  Ficus 
religiosa,  F.  costaricana  and  F.  hemslyane  has  also  been  studied  by  various  authors  and 
almost  identical  behaviour  patterns  reported  (Galil  and  Eisikowitch  1968, 1969, 1971, 
1974;  Galil  and  Snitzer-Pasternak  1970;  Galil  et  al  1973a).  In  Blastophaga  quadraticeps 
Mayr  of  Ficus  religiosa  the  behaviour  of  the  wasps  is  somewhat  different  from  that  in 
Ceratosolen  spp.,  in  that  the  males  do  not  cut  the  anthers.  The  fertilized  females  remain 
in  their  galls  while  the  males  bore  exit  holes.  Galil  et  a/(1973b)  showed  that  the  changes 
in  the  internal  gas  composition  of  the  ripening  fig  have  a  decisive  role  on  the  differential 
activities  of  the  males  and  females  of  the  agaonid  wasps.  The  analysis  of  the  gas  inside 
the  syconia  before  the  exit  holes  are  bored  by  the  males  showed  about  10  %  CO2, 10  % 
O2  and  some  ethylene  and  as  such  the  males  are  active  and  carry  out  their  usual 
activities.  Once  the  syconial  wall  is  perforated  and  as  the  gaseous  composition  parallels 
to  that  of  the  atmospheric  air,  the  males  get  inhibited  while  the  females  become  active, 
load  pollen  in  their  pockets  and  leave  the  receptacles. 

The  traditional  belief  that  Blastophaga  psenes,  the  pollinator  in  the  common  fig 
F.  carica,  effects  pollination  by  carrying  pollen  stuck  to  its  body  surface,  is  no  longer 
tenable,  as  the  very  narrow  entrance  slits  of  the  ostiole  render  it  very  difficult  for  them 
to  introduce  pollen  into  the  female  receptive  fig.  Galil  and  Neeman  (1977)  showed  that 
the  process  of  pollination  in  this  case  involve:  (i)  loading  of  pollen  from  the  ripe  fig  into 
the  thoracic  intersegmental  and  pleural  invaginations  that  occur  in  the  shrunken  body 
of  the  insect  due  to  water  loss;  and  (ii)  unloading  of  pollen  in  the  receptive  fig,  as  a 
result  of  partial  swelling  and  contortion  of  the  wasps  body  during  oviposition 
attempts.  Nevertheless  the  process  is  typically  topocentric.  The  females  get  passively 
dusted  with  pollen  and  similarly  are  brushed  onto  the  stigmas  of  young  female  flowers 
by  accidental  contact. 

In  fig  species  where  topocentric  pollination  is  reported,  the  syconium  is  usually 
characterised  by  the  presence  of  innumerable  stamens  that  can  yield  pollen  grains 
abundantly.  The  pollinators  in  such  figs  do  not  possess  specialised  organs  for  handling 
pollen  and  for  carrying  it  from  fig  to  fig  (Galil  1973).  The  cases  where  ethodynamic  type 
of  pollination  is  reported,  is  essentially  different  and  invariably  such  figs  possess  a 
comparatively  lesser  number  of  anthers  per  syconium.  This  reduction  in  number 
reflects  the  precision  and  economy  of  the  pollination  act  in  such  Ficus  plants. 


5.    Conclusions 

Although  there  are  about  900  species  of  Ficus  of  which  the  majority  are  tropical  in 
distribution,  each  Ficus  species  having  its  own  specific  wasp  pollinator,  the  taxonomy 
of  only  about  1 00  species  of  wasps  have  been  worked  out.  The  biology  of  not  more  than 
half-a-dozen  species  has  been  studied  in  detail.  Similarly  the  pollination  ethology  of 
only  about  10  species  has  been  understood  so  far.  Thus  these  various  aspects  of  the 
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study  of  the  fig  wasps  form  a  very  promising  area  of  research  which  will  be  highly 
rewarding.  Very  little  studies  have  been  made  to  elucidate  the  morphological  aspects  of 
the  fig  wasps  using  scanning  electron  microscope.  Such  studies,  apart  from  their 
taxonomic  value,  are  certain  to  reveal  the  structural  details  of  the  pollen  carrying 
organs  developed  by  the  various  genera  of  fig  pollinators  in  response  to  the  necessity 
for  mutualistic  symbiosis  with  the  Ficus  species. 

The  study  of  agaonid  -fig  symbiosis  should  receive  the  attention  of  combined  teams 
of  botanists  and  entomologists.  Such  combined  studies  can  ultimately  lead  to  an 
understanding  of  the  phylogeny  of  the  various  species  of  Ficus  and  of  the  different 
genera  and  species  of  the  agaonid  pollinators.  This,  in  turn,  will  enable  us  to  interpret 
the  co-evolution  of  Ficus  species  and  of  their  specific  pollinator  wasps. 

References 

Abdurahiman  U  C  and  Joseph  K  J  1 976  Observations  on  the  Biology  and  behaviour  of  Ceratosolen  marchali 

Mayr  (Agaonidae,  Chalcidoidea,  Hymenoptera);  Entomon  1  115-121 
Abdurahiman  U  C  and  Joseph  K  J  1978  The  bionomics  of  fig  Chalcidoidea  (Agaonidae  and  Torymidae); 

7.  Anim.  Morphol.  Physiol,  Silver  Jubilee  Volume  14-26 

Baker  C  F  1913  A  study  of  the  caprification  in  Ficus  nota\  Philippine  J.  ScL  7  63-83 
Condit  I  J  1918  How  the  female  Blastophaga  works;  Monthl.  Butt,  Stat.  Com.  Hortic  1  538-540 
Condit  I  J  1947  The  fig  Chronica  Bot.,  Waltham.  Mass.  USA 
Condit  I  J  1963  Further  notes  on  Ficus  and  Blastophaga',  Evolution  17  117-118 
Cunningham  D  D  1889  On  the  phenomena  of  fertilization  in  Ficus  roxburghii  Wall;  Ann.  R.  Bot.  Gard. 

Calcutta  I  11-51 

Eisen  G  1891  The  first  introduction  of  Blastophaga  psenes  into  California;  Insect  Life  4  128-129 
Galil  J  1973  Pollination  in  dioecious  figs.  Pollination  of  Ficus  fistulosa  by  Ceratosolen  hewitti;  Gard.  Bull. 

Singapore  26  303-311 
Galil  J,  Dulberger  R  and  Rosen  D  1970  The  effects  of  Sycophaga  sycomori  L.  on  the  structure  and 

development  of  the  syconia  in  Ficus  sycomorus  L.;  New  PhytoL  69  103-111 
Galil  J  and  Eisikowitch  D  1968  On  the  pollination  ecology  in  Ficus  sycomorus.  II.  Pocket  filling  and 

emptying  by  Ceratosolen  arabicus  Mayr;  New  PhytoL  73  515-528 
Galil  J  and  D  Eisikowitch  1969  Further  studies  on  the  pollination  ecology  of  Ficus  sycomorus  L. 

(Hymenoptera,  Chalcidoidea,  Agaonidae);  Tijdschr.  Entomoi  112  1-13 
Galil  J  and  D  Eisikowitch  1971  Studies  on  the  mutualistic  symbiosis  between  syconia  and  sycophilous  wasps 

in  monoecious  figs;  New  PhytoL  70  773-787 
Galil  J  and  D  Eisikowitch  1974  Further  studies  on  the  pollination  ecology  in  Ficus  sycomorus.  II.  Pocket 

filling  and  emptying  by  Ceratosolen  arabicus  Mayr;  New  PhytoL  73  515-528 
Galil  J  and  G  Neeman  1977  Pollen  transfer  and  pollination  in  the  common  fig  (Ficus  carica  L.);  New  PhytoL 

79  163-171 
Galil  J  and  Y  Snitzer-Pasternak  1970  Pollination  in  Ficus  religiosa  L.  as  connected  with  the  structure  and 

mode  of  action  of  pollen  pockets  of  Blastophaga  quadraticeps  Mayr;  New  PhytoL  69  775-784 
Galil  J,  W  Ramirez  and  D  Eisikowitch  1973a  Pollination  in  Ficus  costaricana  and  F.  hemslyana  by 

Blastophaga  estherae  and  B.  tonduzi  in  Costa  Rica;  Tijdschr.  Entomoi.  116  175-183 
Galil  J,  M  Zeroni  and  D  Bar  Shalem  1973b  Carbon  dioxide  and  ethylene  effects  in  co-ordination  between  the 

pollinator  Blastophaga  quadraticeps  and  the  syconium  in  Ficus  religiosa;  New  PhytoL  12  113-1127 
Grandi  G  1920  Studio  morfologico  e  biologico  della  Blastophaga  psenes  (L);  Boll.  Lab.  Zool.  Gen.  Agric. 

Portici  14  63-204 
Grandi  G  1930  Studio  morphologico  e  biologico  della  Blastophaga  psenes  (L.);  Boll.  Lab.  EntomoL,  Bologna  2 

1-147 
Grandi  G 1961  The  hymenopterous  insects  of  the  super-family  Chalcidoidea  developing  within  the  receptacles 

of  figs.  Their  life-history,  symbiosis  and  morphological  adaptations;  Boll.  Inst.  EntomoL  Univ.  Bologna  26 

231-238 

Hill  D  S  1967  Figs  (Ficus  spp.)  and  fig  wasps  (Chalcidoidea)  J.  Nat.  Hist.  I  413-434 
Hill  D  S  1967  Fi#s  (Ficus  spp.)  of  Hong  Kong.  (Hong  Kong:  Univ.  Press)  130  pp. 


372  K  J  Joseph  and  U  C  Abdurahiman 

Joseph  K  J  1958  Recherches  sur  les  Chalcidiens  Blastophaga  psenes  (L.)  et  Philotrypesis  caricae  (L.)  du 

Figuier  Ficus  carica  (L.);  Ann.  Sci.  Nat.  Zooi  20  197-260 
Joseph  K  J  1966  Taxonomy,  biology  and  adaptations  in  fig  insects  (Chalcidoidea);  Proc.  2nd  All  India  Cong. 

Zoo/.,  2  400-403 

Longo  B  1909  Osservazione  e  ricerche  sue  Ficus  carica;  Ann.  Bot.  II  234-256 
Mathew  Joseph  and  U  C  Abdurahiman  1981  Oviposition  Behaviour  of  Ceratosolen  fusciceps  (Agaonidae: 

Hymenoptera)  and  the  mechanism  of  pollination  in  Ficus  racemosa  L;  J.  Bombay  Nat.  Hist.  Soc.  78 

287-291 

Mayer  P  1982  Zur  naturgeschichte  den  feigen-insecten.  Mitt.  Zool  Staz.  Neapel,  Bill  551-590 
Mayr  G  1885  Feigen-insekten;  Verhandl  k.k.  Zool.  hot.  Gesellsch.  BXXXV  147-250 
Muller  F  1886  On  fig  insects.  Proc.  Entomol.  Soc.  London  pp.  10-1 1 
Ramirez  W  B  1969  Fig  wasps:  Mechanism  of  pollen  transfer;  Science  163  580-581 
Ramirez  W  B  1974  Coevolution  of  Ficus  and  Agaonidae;  Ann.  Missouri  Bot.  Gdn.  61  770-780 
Riley  C  V  1891  Some  interrelationship  of  plants  and  insects;  Insect  Life  4  358-378 
Saunders  S  S  1878  On  the  habits  and  affinities  of  Apocrypta  and  Sycophaga,  of  the  hymenopterous  family 

Agaonidae,  with  description  of  a  new  species  of  Apocrypta  from  the  figs  of  Ficus  sycomori  of  Egypt;  Trans. 

Entomol  Soc.  London,  Part  IV:  313-320 
Wiebes  J  T  1973  Phylo genetic  specificity  of  figs  and  fig  wasps.  In  Pollination  and  Dispersal,  (ed) 

N  B  M  Branjes  pp.  21-25 

Wiebes  J  T  1976  A  short  history  of  fig  wasp  research.  Card.  Bull.  Singapore  29  207-232 
Wiebes  J  T  1981  Towards  the  strategy  concepts  in  flower  ecology  as  exemplified  by  the  fig- wasp  symbiosis; 

Acta  Bot.  Neerl.  30  493-495 
Westwood  J  O  1 882  Description  of  insects  infesting  seeds  of  Ficus  sycomorus  and  carica.;  Trans.  Entomol.  Soc. 

London,  Part  I:  47-60 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  4,  June  1984,  pp.  373-390. 
©  Printed  in  India. 


Bee-flower  interactions  and  pollination  potential 

C  SUBBA  REDDI  and  E  U  B  REDDI 

Department  of  Environmental  Sciences,  Andhra  University,  Wahair  530003,  India 

Abstract.  This  article  presents  the  recent  trends  in  describing  the  bee-blossom  relationships, 
in  interpreting  the  bees  foraging  behaviour  on  the  basis  of  optimal  foraging  theory  and  the 
nature  of  floral  resource,  the  role  of  pollinator  behaviour  such  as  trap-lining,  opportunism, 
territorial  aggression,  group  foraging  in  determining  the  genetic  make-up  of  the  bee  pollinated 
plants,  and  considering  the  pollination  from  the  ecosystem  point  of  view.  The  idea  that  honey 
bees  and  other  social  bees  are  adequate  enough  to  pollinate  the  crops  is  considered  as 
premature,  and  detailed  studies  to  explore  the  pollination  potential  of  wild  bees  together  with 
their  conservation  and  management  are  suggested. 

Keywords.    Bee-blossom  interaction;  foraging  behaviour,  pollination  potential. 

1.    Introduction 

A  very  wide  spectrum  of  insects  visit  the  flowers  for  nectar  and/or  pollen,  and  are  of 
much  value  in  effecting  pollination.  Bees  are  among  such  insects.  The  bees  require  large 
food  supplies  for  their  brood,  even  hundred  times  of  their  own  requirement,  and  to 
secure  this  food  they  make  repeated  visits  to  the  flowers.  Thirty  thousand  bee  species 
are  estimated  to  occur  in  the  world  (Parker  and  Torchio  1980).  The  majority  are  solitary 
bees  distributed  mostly  among  the  families  Colletidae,  Andrenidae,  Halictidae, 
Megachilidae,  Anthophoridae  and  Xylocopidae.  The  family  Apidae  comprises  mostly 
the  social  bees  of  the  genera  Apis,  Bombus,  Trigona  and  Melipona.  Only  about  1  %  of  the 
world  bee  species  is  reported  from  India  (Kapil  and  Jain  1980). 

Bees  have  long  been  recognised  as  effective  pollinators.  In  the  first  half  of  the  18th 
century,  Dobbs  specifically  mentioned  that  the  bees  may  serve  to  transfer  pollen  (Grant 
1949).  But  the  credit  of  recognising  bees  as  pollinators  goes  to  Koelreuter  who  through 
extensive  observations  demonstrated  bee  role  in  pollination  in  1761  (Faegri  and  Fiji 
1979).  Later  in  1930  Reinecke  emphasised  the  importance  of  the  honey  bee  as 
pollinating  agent  (Lotter  1960).  It  is  estimated  that  bees  alone  can  accomplish  more 
than  80%  of  the  pollination  by  insects  (Vansell  and  Griggs  1952;  McGregor  1980).  In 
California,  bees  alone  participate  in  the  pollination  of  more  than  95  %  of  the  insect 
pollinated  plants  (Moldenke  1976).  Because  of  their  vital  role  in  fruit  and  seed  production, 
and  in  determining  the  community  structure,  a  lot  has  been  done  from  early  times  on 
bees,  bee-foraging,  bee-pollination,  and  bee-management.  The  accumulated  knowledge 
appeared  in  such  books  as  Lovell  (1920);  Frisch  (1950,  1967);  Jaeger  (1961);  Meeuse 
(1961);  Percival  (1965);  Free  (1970a);  Kiigler  (1970);  Proctor  and  Yeo  (1972);  Kozin 
(1976);  McGregor  (1976);  Frankel  and  Galun  (1977);  Free  and  Williams  (1977); 
Richards  (1978);  Faegri  and  Pijl  (1979)  and  the  reviews  such  as  Grant  (1950);  Bohart 
(1952, 1972);  Vansell  and  Griggs  (1952);  Todd  and  McGregor  (1952);  Manning  (1956); 
Linsley  (1958);  Lotter  (1960);  Deodikar  (1961);  Pijl  (1961);  Baker  and  Kurd  (1968); 
Stebbins  (1970);  Macior  (1971,  1973,  1974a);  Heinrich  and  Raven  (1972);  Martin  and 
McGregor  (1973);  Covich  (1974);  Heithaus  (1974);  Levin  (1974,  1978,  1979);  Heinrich 
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(1975a);  Kevan  (1975a);  Frankie  (1976);  Schremmer  (1976);  Pyke  et  al  (1977);  Vogel 
(1978a);  Eickwort  and  Ginsberg  (1980).  We  attempt  here  to  summarise  the  recent 
developments  and  some  of  the  aspects  not  covered  in  earlier  reviews. 

2.    Means  of  attraction 

Pollen,  nectar,  oil,  liquid  perfume,  nest  building  materials,  sexual  attraction,  odour  and 
visual  features  are  responsible  for  establishing  a  blossom-visitor  relationship. 

2.1  Pollen 

Bees  require  large  quantities  of  pollen  to  meet  the  protein  requirements  of  their  brood. 
Naturally  to  attract  them  the  flowers  have  to  produce  good  amount  of  pollen.  However, 
bees  may  reject  certain  types  of  pollen  e.g.  Euphorbia  heterophylla  (Reddi  1981).  There 
are  indications  of  bees  inability  to  recognize  the  nutritive  value  of  the  pollen  collected. 
They  may  collect  materials  of  no  value  like  flour,  fungal  spores,  flakes  of  paint  and  coal 
dust  (Wahl  1966).  Pollen  presentation  times  vary  from  species  to  species  and  are  species 
specific  (Reddi  1981, 1982);  the  bees  appear  to  have  time  sense  and  forage  in  synchrony 
with  the  pollen  presentation  times. 

2.2  Nectar 

Bee  flowers  mostly  have  deep-seated  protected  nectar  with  greater  amounts  of  sucrose. 
Bee  visits  to  flowers  depend  on  nectar  concentration  rather  than  on  quantity 
(Rymashevskii  1976);  the  concentrations  are  typically  more  than  20%  (Percival  1965; 
Baker  1975)  and  if  they  are  below,  the  honey  bees  'work  at  loss'  (Free  1970a). 

2.3  Oil 

Oil  has  been  added  as  an  attractant  to  the  earlier  lists  (Vogel  1969).  Substitution  of  oils 
for  flower  nectar  is  a  special  feature  of  desert  flowers  in  California  (Moldenke  1976). 
Krameria  possesses  'oil  flowers*  offering  fatty  acids  to  female  Centris  bees  for  brood- 
rearing  (Simpson  et  al  1977a). 

2.4  Odour  and  perfumes 

Euglossine  bees  collect  odoriferous  substances  (liquid  terpenes)  from  orchids  and  from 
a  few  non-orchidaceous  plant  groups.  Though  the  total  impact  of  this  has  not  yet  been 
assessed,  it  might  be  that  it  helps  increasing  the  longevity  of  males,  attracting  females 
and  in  getting  self-satisfaction  due  to  narcotic  effect.  Nectarless  orchids  are  pollinated 
exclusively  by  Euglossine  males.  Here  it  is  the  strong  odour  that  draws  the  bees.  In  fact 
the  bees  collect  the  aromatic  oil  secreted  by  the  flowers.  To  quote  Kullenberg  (1973), 
male  bumble  bees  are  "living  perfume  brushes". 

2.5  Nesting  materials 

Besides  pollen,  nectar,  nutritive  oil,  perfume,  the  flowers  offer  still  other  products  such 
as  wax  (Porsch  1905),  and  resins  (Kirchner  1925;  Cammerfoher  1931)  which  are  used  in 
nest  building. 
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2.6.     Visual  patterns  and  pigmentation 

Many  flowers  have  nectar-markers  invisible  to  the  human  eye,  but  which  can  be 
brought  out  employing  uv  photography  (Eisner  el  al  1969).  It  is  remarkable  that  the 
honey  bees  when  crossing  the  boundary  between  the  uv-reflecting  and  the  uv- 
absorbing  inner  part  of  a  petal,  automatically  extend  their  probosces,  as  if  they  know 
they  are  to  the  source  of  nectar. 

2.7    Colour 

Bee  vision  has  been  described  as  'trichromatic'.  This  means  they  possess  three  types  of 
photoreceptors  which  give  maximum  sensitivity  at  360,  450  and  650  nm.  These  three 
spectral  points  are  uv,  blue  and  yellow  respectively  (Daumer  1956;  Mazokhin- 
Porshnyakov  1962, 1969).  As  the  colours  that  bees  perceive  are  not  similar  to  those  of 
humans,  these  are  named  according  to  insects  visual  spectrum  as  uv  'insect-blue'  blue 
'insect-green',  and  yellow  'insect-red'  (Kevan  1978).  The  bees  are  more  prevalent  on  blue 
or  purple  flowers  (insect-blue  to  insect-green).  They  are  generally  considered  as  red 
blind,  but  Leppik  (1955)  mentioned  that  Trigona  bees  could  be  attracted  to  red.  Further, 
Thorp  et  al  (1975)  have  suggested  that  nectar  itself  may  absorb,  reflect,  or  fluoresce 
daylight  and  act  as  another  visual  attractant.  Eisner  et  al  (1973)  have  described  the  uv 
patterns  of  buds  and  blossoms.  The  buds  of  Jasminum  primulinum  and  of  Hyperacium 
sp  are  uv  absorbing  and  as  the  buds  open,  the  newly  exposed  petal  parts  reflect  uv 
radiation. 


2.8     Sexual  attraction 

Attracting  the  bees  through  exploiting  their  sexual  'passion'  is  a  well-known 
phenomenon  in  orchids  (Arditti  1979).  The  Ophrys  species,  have  'tapped'  the 
pheromone  system  of  bees  and  wasps.  Each  species  of  Ophrys  attract  males  of  a  limited 
number  of  species  eg.  Andrena,  Anthophora,  Colletes,  Eucera,  Tetralonia,  Melecta. 
These  males  attempt  copulation  with  the  flowers  and  effect  pollination  (Arditti  1979; 
Eickwort  and  Ginsberg  1980).  Rendezvous  pollination  has  been  well  described  by 
Barrows  (1976a)  and,  Eickwort  and  Ginsberg  (1980). 


3.    Deception  in  bee-blossom  relationships 

Bee-blossom  relations  are  not  always  mutualistic  but  sometimes  parasitic  also  because 
of  the  deceptive  nature  of  either  bee  or  blossom. 

3.1     Deceit  on  the  part  of  bees 

Pollen  and  nectar  stealing  by  bees  without  performing  the  reciprocal  service  of 
pollination  is  very  common.  Small  nectar  gathering  bees  in  Nemophila  menziesii 
(Cruden  1972),  the  honey  bees  which  visit  for  nectar  at  dusk  to  a  bat  pollinated  blossom 
Maranthes  polyandra  (Lack  1978),  and  small  halicted  bees  which  collect  nectar  in 
Asclepias  verticillata  (Willson  et  al  1979)  are  some  of  the  examples.  Some  bee  species 
(Bombus,  Xylocopa,  Apis,  Megachile,  Melipona,  Euplusia  and  Trigona)  are  known  to  get 
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at  the  nectar  by  perforating  the  corolla  bases  of  some  blossoms  (Percival  1965;  Macior 
1966,  1970, 1971, 1974b,  1982;  Proctor  and  Yeo  1972;  Barrows  1976b;  Faegri  and  Fiji 
1979;  Roubik  1979).  Honey  bees  may  opportunistically  collect  nectar  through  the 
perforations  made  by  robbers  like  bumble  bees  (Hawkins  1961).  Instances  of  pollen 
stealing  include  Perdita  bees  flying  in  the  late  afternoon  in  the  flowers  of  Mentzelia 
(Michener  1979)  and  on  Opuntia  (Barrows  et  al  1976)  and  the  small  bees  (Perdita, 
Ceratina^  Evylaeus)  from  Cactus  flowers  (Grant  and  Grant  1979;  Grant  and  Hurd  1979; 
Grant  et  al  1979).  Some  bee  species  like  Dialictus  in  Ludwigia  peploides  (Estes  and 
Thorp  1974),  Ceratina  in  Tribulus  terrestris  (Subba  Reddi  et  al  1981)  fail  to  touch  the 
stigmas  because  of  smaller  body  size  and  intrafloral  behaviour.  Honey  bees  which  pay 
visits  for  nectar/pollen  at  dawn  to  a  bat  pollinated  blossom  (Baker  et  a/1971;  Lack 
1978),  and  the  pollen  gathering  honey  bees  in  cucurbits  already  pollinated  by  matinal 
bees  (Linsley  I960),  and  Trigona  collecting  pollen  deposited  on  petals  and  leaves  after 
dislodgement  by  large  bees  (Roubik  1979)  come  under  scavenger  bees. 

3.2     Deceit  on  the  part  of  blossoms 

In  1793  Sprengel  introduced  the  'deception  hypothesis'  but  it  was  not  supported  by 
contemporary  workers.  But  the  recent  observations  support  the  Sprengel's  'deception 
hypothesis'  (Fiji  and  Dodson  1966;  Nilsson  1979, 1980, 1983;  Dafni  and  Ivri  1979, 1981; 
Ardetti  1979;  Ackerman  1981;  Boyden  1982;  Dafni  1983;  Meeuse  1983).  Shifts  from 
rewards  to  deception  including  heteranthery,  anther  dummy  were  nicely  dealt  with  by 
Vogel  (1978b).  This  deception  phenomenon  reached  its  excellence  in  some  orchids. 

3.2a  Visual  deception  Dafni  and  Ivri  (1981)  reported  that  Orchis  israelitica 
(Orchidaceae)  and  Bellevaliaflexuosa  (Liliaceae)  have  similar  appearance  and  share  the 
pollinators,  and  they  describe  it  as  floral  mimicry.  In  Ophrys  apfera,  the  pouched 
labellum  resembles  a  bumble  bee  in  shape  and  marks  and  is  pollinated  by  pseudocopu- 
lation  by  males.  Orchis  galilaea  mimics  the  females  of  certain  wild  bees  and  attracts  the 
males  (Meeuse  1983).  Onchidium  planilabre  flowers  imitate  a  flying  insect,  and  a  Centris 
male  patrolling  his  territory  takes  it  for  an  intruder  (Ardetti  1979).  The  non-dehiscing 
anthers  in  pistillate  flowers  ofCupania  guatemalensis  serve  the  purpose  of  attracting  bee 
visitors  (Bawa  1977).  These  blossoms  with  heteranthery  and  other  pollen  saving 
deception  practices  like  anther  dummy  maintain  visits  by  a  modest  but  real  harvest,  but 
pollen  flowers  of  orchids  resort  to  total  deception  producing  powder  like  hair  tufts  or 
empty  granular  pseudopollen. 

3.2fe  Olfactory  deception  This  is  mostly  met  with  orchids.  Males  of  Halictus 
marginatus  are  only  attracted  towards  Orel's  galilaea,  although  female  bees  also  are 
present  in  the  neighbourhood  (Bino  et  al  1982).  In  addition,  the  temporary/exploratory 
drives  of  bees  for  food  sources  are  exploited  by  means  of  superiority  in  floral  display 
(Nilsson  1981,  1983).  There  are  cases  of  nectarless  species  mimicing  the  rewarding 
species  (Macior  1971;  Heinrich  1975b;  Boyden  1980;  Bierzychudek  1981;  Williamson 
1982)  or  one  another  (Schemske  198 1)  achieving  pollination  through  their  contribution 
to  the  attractive  appeal  of  the  community.  But  Orchis  caspia,  also  a  nectarless  plant, 
achieves  pollination  exploiting  the  poor  discriminative  power  of  the  bees;  and  not 
through  resorting  to  mimicry  (Dafni  1983). 
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4.  Bees  are  not  exempted  from  errors 

Though  bees  are  very  clever/intelligent  to  manipulate  any  specialized  and  difficult  floral 
mechanism,  sometimes  they  too  make  mistakes;  as  a  result  they  are  succumbed  to 
troubles,  sometimes  leading  to  death.  Due  to  lack  of  balance  between  odour, 
dimension,  and  stickiness,  some  flowers  (mostly  hybrids  in  nature)  become  veritable 
death-traps,  killing  the  visiting  bees  (Dodson  1975). 

4.1  Killer  traps/death  traps 

Certain  species  of  Asdepias  (Percival  1965;  Proctor  and  Yeo  1972;  Willson  et  al  1979), 
Wrightia  tinctoria  (Subba  Reddi  et  al  1979),  kill  all  but  the  strongest  bees  in  their  'clip 
and  slot'  devices.  Certain  species  of  Orchids  (Cory ant hes  rodriguesii,  Gongora  maculata, 
Cypripedium  calceolus)  are  known  to  trap  the  bees  such  as  Euplusia,  Euglossa  and 
Andrena  by  intoxicating  them. 

4.2  Collection  of  poisonous  forage 

Under  acute  shortage  of  food  the  bees  are  forced  to  collect  poisonous  forage  too 
(Deodikar  1961).  The  presence  of  alkaloids,  saponins,  glucosides,  phenolic  substances 
and  essential  oils  is  mostly  responsible  for  poisoning  the  bees  (Baker  and  Baker  1975; 
Pottev  et  al  1976).  Sugary  honey  dew  secreted  by  some  homopteran  insects  and  infected 
leaves  of  certain  trees  also  cause  bee  paralysis  and  large  scale  deaths  (Butler  1943). 
Recently  Barker  and  Lehner  (1976)  reported  the  toxicity  of  galactose  containing 
exudates  from  tulip.  It  may  be  recalled  that  the  pollen  collecting  bee  is  not  sensitive  to 
the  nutrient  value  of  its  forage  (Wahl  1966).  Apparently,  the  only  regulator  is  the 
phagostimulant  content  which  evidently  makes  all  pollen  attractive  to  the  bees.  This 
explains  why  bees  collect  pollen  which  is  toxic  to  them  (Wahl  and  Ulm  1983). 

5.  Energy  expenditure  vs  energy  gain 

In  recent  times,  flower  visits  by  bees,  of  course  by  all  animals,  are  being  explained  on  the 
basis  of 'optimal  foraging  theory*  (Schoener  1971;  Cody  1974;  Covich  1974;  Oster  and 
Heinrich  1976;  Pyke  1978a,b;  Pyke  et  al  1977;  Schaffer  and  Schaffer  1979;  Waddington 
and  Holden  1979;  Kamil  and  Sargent  1981;  Stephens  and  Charnov  1982;  Bertsch  1983) 
which  may  be  defined  as  that  which  yields  the  greatest  net  energy  and  nutrient  gain  per 
unit  foraging  time  (Levin  1978).  In  other  words,  the  amount  of  reward  per  flower  must 
be  sufficient  to  justify  a  visit,  but  not  so  excessive  as  to  limit  successive  flower  visits 
(Heinrich  1975a).  In  a  study  on  the  interaction  of  honey  bees  with  the  artificial  flowers, 
the  results  obtained  by  Wells  and  Wells  (1983)  are  contrary  to  the  optimal  diet  theory 
and  the  minimal  uncertainty. 

Most  work  on  foraging  energetics  was  carried  on  Bombus  because  of  their  high 
energy  requirements  (Heinrich  1972,  1975a,c,d;  1976a,b).  The  studies  of  Heinrich 
(1976a,b),  Schaal  (1978),  Pyke  (1978a,b),  Real  (1981)  and  Waddington  et  al  (1981) 
suggest  that  bumble  bees  do  assess  variations  in  reward  and  forage  for  nectar  in  an 
optimal  manner.  The  energy  budget  of  pollinator  differs  from  species  to  species,  mostly 
governed  by  body  weight,  and  temperatures  (Parrish  and  Bazzaz  1979).  The  energy 
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relations  are  critically  discussed  by  Heinrich  and  Raven  (1972).  The  bees  working  under 
low  temperature  need  to  expend  more  energy  and  the  full  nectar  loads  at  the  beginning 
of  anthesis  compensate  for  the  extra  energy  expense,  but  those  flying  during  higher 
ambient  temperatures  incur  low  energy  costs,  and  the  benefits  are  also  low. 

Though  the  optimal  foraging  theory  is  still  considered  valid,  energy  alone  is  not  the 
appropriate  measure  of  fitness  (Eickwort  and  Ginsberg  1980).  Nectar  may  be 
important  as  a  source  of  water  than  of  sugar  for  certain  periods  (Watt  et  al  1974).  The 
need  to  consider  water  budget  in  the  foraging  behaviour  has  been  stressed  by  Bertsch 
(1983).  He  felt  that  in  view  of  the  close  interdependence  between  flowers  and 
pollinators,  the  functions  of  the  flowers  and  their  adaptations  can  only  be  understood  if 
the  needs  of  the  insect  visitors  i.e.,  their  water  and  energy  requirements  are  known. 


6.    Sternotribic  and  nototribic  pollen  deposition 

Two  categories  of  pollen  transference  by  bees  were  recognised  depending  on  the  way  in 
which  pollen  is  deposited  on  insect  (Percival  1965;  Proctor  and  Yeo  1972;  Macior 
1974a;  Faegri  and  Fiji  1979).  In  Sternotribic  flowers  (e.g.  4flag  blossoms'  of  the  type  seen 
in  Fabaceae)  pollen  is  deposited  on  the  ventral  side  of  the  bee.  In  nototribic  flowers  (e.g. 
'gullet  blossom'  of  the  type  seen  in  Labiatae,  Scrophulariaceae,  Acanthaceae  and 
Gesneriaceae  and  of  the  Orchids)  deposition  is  on  the  dorsal  side  of  the  bee.  In  the 
evolution  of  any  pollination  mechanism  the  strategy  should  be  to  achieve  precision  and 
economy  in  pollen  transfer.  This  is  possible  through  nototriby  because  the  residual 
pollen  on  the  body  positions  is  inaccessible  for  grooming,  thus  guaranteeing  successful 
and  regular  pollination.  Whether  pollen  deposition  is  nototribic  or  Sternotribic 
depends  on  the  topography  of  the  blossom  and  the  body  size  of  the  vector  concerned 
(Macior  1982;  Reddi  and  Subba  Reddi  1983).  Bees  while  foraging  must  come  in  contact 
with  the  essential  organs  for  successful  pollination.  One  glaring  exception  to  this  is 
Wrightia  tinctoria  pollination  syndrome  where  bees  without  touching  the  essential 
organs  aid  in  pollination  (Subba  Reddi  et  al  1979). 


7.    Temporal  patterns  of  bee  foraging 

Bees  normally  forage  during  daylight  hours.  However,  Linsley  and  Cazier  (1970) 
recognize  five  temporal  categories  depending  on  foraging  timings:  matinal  bees  (e.g. 
Melitoma  grisella  on  Ipomoea  leptophylla,  Onagrandrena  sp.  on  Oenothera  dentata\ 
Peponapsis,  Xenoglossa  on  Cucurbita  perennis,  Ptiloglossa  arizonensis  on  Solanum 
flowers  (Linsley  1960,  1962),  crepuscular  bees  (eg.  Apis  mellifera,  Bombus  sonorus,  on 
Agave  schottii  (Schaffer  and  Schaffer  1977,  1979),  nocturnal  bees  (eg.  Sphecodogastra 
texana  (Kerfoot  1967a,  b);  Xylocopa  (Burkill  1909;  Bhaskar  and  Gopinath  1975;  Grant 
and  Kurd  1979),  diurnal  bees  (majority  of  the  bees),  late  afternoon  bees  (eg.  Perdita 
wootonae  on  Mentzelia  decapetala  flower  (Michener  1979),  Perdita  taxana  on  Opuntia 
flowers  (Barrows  et  al  1976).  These  categories  are  mostly  regulated  by  environmental 
conditions.  In  the  arctic  summer,  bees  forage  all  night  long  (Andrewes  1969). 
Sometimes  when  conditions  (environmental  and  resource)  permit,  the  diurnal  visitors 
may  start  foraging  early  in  the  morning  and  compete  with  the  matinal  bees  (Linsley 
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1960);  when  resources  are  poor,  foraging  may  be  carried  on  further  for  an  hour  after 
sunset  (Andre wes  1969). 

Large-bodied  species  tend  to  forage  primarily  in  the  relatively  cool  early  hours  when 
pollen  and  nectar  are  normally  more  abundant,  while  the  smallest  species  scavenge  for 
pollen  from  virtually  bare  anthers  during  the  midday  heat;  this  strongly  suggests  a 
system  of  physiologically  determined  foraging  periods  (Simpson  et  al  1977b).  However, 
the  conditions  of  floral  resource  as  well  as  environmental  characteristics  external  to  the 
flowers  (temperature,  light  intensity,  relative  humidity)  may  influence  the  foraging 
activity  (Schlising  1970;  Osmar  1982).  But  closeness  between  resource  presentation  and 
the  activity  pattern  may  not  always  be  realised  (Willson  and  Bertin  1979;  Willson  et  al 
1979).  The  environmental  parameter  temperature  seems  to  be  the  major  factor 
controlling  the  activity  patterns.  The  restricted  bee  activity  at  high  altitudes  is 
attributable  to  the  prevailing  low  temperatures.  The  foraging  activity  of  pollinator  of 
temperate  regions  is  limited  by  the  characteristic  low  temperature  because  the  insects 
have  to  spend  metabolic  energy  for  endogenous  heat  production  (Heinrich  1974).  That 
is  why  bumble  bees  capable  of  endothermic  heat  regulation  fare  well  in  temperates 
(Janzen  1975).  Tropical  studies  reveal  that  bees  are  intolerant  of  high  temperature  that 
is  reached  around  midday  (Hedegart  1976;  Reddi  1981;  Reddi  and  Subba  Reddi  1983). 
Moreover,  it  is  not  advantageous  for  these  insects  to  work  at  such  hot  hours  because 
they  lose  more  water  than  they  gain  by  visiting  flowers  for  fluids  (Janzen  1967). 

Species  foraging  during  day  time  exhibit  distinct  periodicity  patterns  (Subba  Reddi 
et  al  1983).  But  no  such  distinct  periodicity  specific  to  each  species  was  observed  by 
Ehrenfeld  (1979)  on  Chamaesyce  a  sub-genus  of  Euphorbia.  Even  the  matinal  bqes 
which  forage  for  brief  periods  exhibit  distinct  periodicities  as  is  evident  from  the  three 
species  of  Melandrena  foraging  for  pollen  on  Oenotheradentata  in  the  Mojave  desert  in 
California  (Linsley  et  al  1955). 


8.    Pollinator  fidelity/flower  constancy 

Flower  constancy  of  bees  was  reviewed  by  Grant  (1950)  and  Free  (1963,  1970b).  It  is 
only  a  relative  term  (excepting  monolectic  bees).  Since  individual  foragers  of  the  same 
species  exhibit  widely  varying  degrees  of  fidelity  it  is  not  an  inherent  character  of  a 
forager  but  more  likely  a  consequence  of  habituation  during  a  foray  and  the  diversity 
and  spatial  distribution  of  floral  elements  in  the  local  plant  community  (Macior  1974a, 
1982).  So  the  primary  determinants  of  flower  choice  appear  to  be  the  amount,  quality, 
and  availability  of  nectar  and  pollen  (Hobbs  1962;  Heinrich  1976a,b;  Inouye  1978). 
Plants  with  many  flowers  are  more  attractive  to  pollinators  than  those  with  fewer 
flowers  (Willson  and  Price  1977;  Silander  and  Primack  1978;  Willson  and  Bertin  1979; 
Schaffer  and  Schaffer  1979;  Davis  1981;  Pyke  1981).  Forager  density  is  linearly  and 
positively  related  to  density  of  flowers  (Waddington  1976).  But,  the  number  of  flowers 
does  not  seem  to  be  a  factor  in  attracting  bees  in  neotropics  (Heithus  1979a).  The 
laboratory  experiments  of  Heinrich  et  al  (1977)  suggest  that  bumble  bees,  once 
conditioned,  are  relatively  'constant'  foragers  despite  changes  in  resource  availability. 
The  more  recent  experimental  study  of  Wells  and  Wells  (1983)  using  honey  bees  and 
artificial  flowers  supported  the  individual  constancy  model.  Solitary  bees  usually  do  not 
visit  a  great  range  of  different  flowers  and  often  have  preferences  for  pollen  from 
specific  plants  (Linsley  1958;  Bhoart  1972;  Cruden  1972).  Consumer  switching 
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behaviour  is  advantageous  because  foraging,  demands  different  skills  at  different 
flowers  and  the  learning  of  these  skills  are  costly  in  terms  of  time  and  energy  (Heinrich 
1975d,  1976a).  Flexibility  in  foraging  behaviour  is  essential  in  order  to  exploit  new  food 
resources  as  and  when  they  become  available  (Macior  1968).  However,  an  increase  in 
pollinator  constancy  to  a  given  plant  species  retards  the  elimination  of  the  rarer  species 
(Levin  and  Anderson  1970). 


9.     Feeding  specialisation 

Bees  are  broadly  divided  into  specialists  and  generalists  based  on  their  feeding 
behaviour.  Some  species  which  collect  pollen  from  a  few  related  flowers  in  the  same 
genus  (or  even  a  single  species)  are  called  'oligolectic'  (or  monolectic);  while  those  which 
collect  pollen  from  many  different  and  unrelated  kinds  of  blossoms  and  are  called 
'broadly  polylectic'  (Linsley  1958;  Michener  1979).  These  are  the  'super  specialists'  and 
'super  generalists'  respectively  of  Moldenke  (1975).  Such  a  classification  received 
serious  criticism  from  Michener  (1979),  Eickwort  and  Ginsberg  (1979),  Heithaus 
(1979b),  Faegri  and  Fiji  (1979),  Moldenke  (1979).  There  is  no  such  thing  as  a  true 
theoretical  generalist  feeder  or  theoretical  specialist.  This  classification  fails  to  express 
the  continuous  range  of  specialization  and  the  flexibility  existing  within  the  species. 
Feeding  specialization  of  a  species  may  vary  from  site  to  site  or  within  sites  at  different 
times  of  the  year  depending  on  the  resource  availability  and  the  degree  of  competitive 
pressures.  As  Schoener  (1972)  and  Cody  (1974)  expressed,  it  is  the  overall  climatic 
characteristics  which  determine  plant  phenology  and  structure,  which  in  turn  limit  and 
define  the  emphasis  of  different  strategies  of  resource  utilization.  Even  oligolectic  bees 
can  become  generalists  during  periods  of  low  pollen  availability  (Stephen  et  a!  1969; 
Levin  and  Anderson  1970;  Cruden  1972;  Oster  and  Heinrich  1976)  and  polylectic  bees 
can  become  more  specialised  when  conditions  favour  monopolization  of  a  few 
resources  (Sakagami  and  Fukuda  1973;  Levin  1978).  Feeding  specialization  is  greater 
where  the  number  of  potential  competing  species  is  higher  (Michener  1974,  1979; 
Heithaus  1979b). 

Oligolecty  or  specialist  feeding  behaviour  is  more  successful  and  is  a  prevalent 
feeding  technique  in  temperate  areas,  whereas  in  tropics  feeding  generalists  are 
prevalent  and  successful  (Linsley  1958;  Michener  1954,  1979;  Heithaus  1979b).  Most 
tropical  bees  are  not  oligolectic  probably  because  they  (social  bees)  are  long  lived  and 
multivoltine,  having  therefore  to  change  from  one  plant  to  another  through  the  course 
of  the  year  (Heinrich  and  Raven  1972).  Most  of  the  flowering  species  in  the  tropics  are 
not  in  bloom  for  as  long  as  the  flight  period  of  most  bees,  so  that  oligolecty  is  often 
impracticable  (Michener  1979).  Tropical  bees  are  not  only  less  specialised  in  the  feeding 
strategy  but  are  also  less  in  diversity  compared  to  temperate  areas  for  which  the 
foraging  and  competitive  ability  of  the  highly  social  bees  is  attributed  (Linsley  1958; 
Michener  1974,  1979;  Heithaus  1979c;  Roubik  1979). 


10.     Genetic  consequences  of  foraging  behaviour 

The  extent  of  geitonogamy  or  xenogamy  to  be  realised  are  dependent  on  the  flight 
patterns  of  the  bees  and  the  number  of  open  flowers  on  a  plant  (Bowers  1975). 
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Moreover,  the  frequency  of  hybridization  will  be  an  inverse  function  of  flower 
specialization  and  constancy,  since  both  constrain  the  wanderings  of  pollinators.  The 
probability  of  interspecific  pollination  is  greater  when  patch  size  is  relatively  small  and 
composed  of  resources  which  are  unpredictable  in  time,  and  when  neighbouring 
patches  have  similar  nutritional  values.  As  floral  resources  diminish  through  time, 
search  area  of  the  bees  increases.  Theft  of  floral  resources  (flower  robbing)  by  certain 
visitors  may  have  similar  effect  (Heinrich  and  Raven  1972;  Cazier  and  Linsley  1974), 
and  they  are  likely  to  promote  outcrossing  by  depleting  local  pollen  and  nectar,  thus 
increasing  the  foraging  range  and  flower  visitation  rates  of  actual  pollinators  (Roubik 
1979).  It  follows,  therefore,  that  the  chances  for  outcrossing  may  increase  by  virtue  of  an 
increased  search  effort  by  the  bees  (Frankie  1976). 

Various  foraging  behaviours  of  bees  responsible  for  the  recorded  inter-tree 
movement  or  otherwise  were  well  reviewed  by  Frankie  and  Baker  (1974),  Frankie 
(1976),  Frankie  et  al  (1976),  Levin  (1978, 1979)  and  Antonovics  and  Levin  (1980).  Two 
types  of  foragers,  the  'trapliners'  and  'opportunists',  are  recognised  basing  on  their 
flight  ranges  and  foraging  behaviour.  (Janzen  1971).  The  trap  liners  are  usually  the  large 
bodied  bees  such  as  Euplusia,  Eulaema,  Euglossa,  Centris,  Bombus,  Xylocopa  exhibiting 
long  distance  flights,  often  covering  20  to  30  km  and  promoting  cross-pollination, 
especially,  in  the  very  low  density  tropical  plant  populations  (Janzen  1971,  1975; 
Frankie  1975).  The  plants  adapted  to  receive  their  service  have  prolonged  flowering 
period;  producing  very  few  flowers  each  day  (Frankie  et  al  1974;  Frankie  1975).  These 
bees  repeat  specific  foraging  paths.  The  'opportunists'  are  the  smaller,  often  social  bees 
in  the  low  land  tropical  forests.  They  normally  fly  from  flower  to  flower  on  the  same 
plant  (Baker  1973).  The  plants  adapted  to  attract  such  bees  exhibit  Gentry's  (1974)  'big 
bang  flowering'  i.e.,  produce  large  and  conspicuous  flower  crop.  As  a  result  of  their 
short  distance  flights  they  mostly  promote  autogamy  or  geitonogamy;  sometimes  they 
may  fail  to  mediate  pollination,  especially,  in  self-incompatible  or  dioecious  trees. 

Various  kinds  of  intra-  and  inter-specific  interactions  among  flower  visitors 
generated  inter-tree  movement  of  actual  pollinators.  Territorial  behaviour  in  bees  is 
one  such  interaction  well  known  and  has  been  documented  in  several  families  (Rozen 
1958,  1970;  Linsley  and  Hurd  1959;  Cruden  1966;  Janzen  1966;  Stephen  et  al  1969; 
Throp  1969;  Frankie  1976;  Eickwort  1977;  Batra  1978;  Frankie  and  Coville  1979; 
Michener  1979).  In  Costa  Rica,  this  behaviour  is  often  observed  in  the  males  of  certain 
Anthophoridae,  Xylocopidae,  and  in  the  tribe  Euglossine  of  the  Apidae  (Dodson  and 
Frymire  1961;  Janzen  1964;  Frankie  and  Baker  1974;  Frankie  1976;  Frankie  et  al  1976; 
Ardetti  1979;  Frankie  et  al  1979).  A  given  territorial  site  is  usually  reoccupied  daily 
during  the  tree's  flowering  period  (Janzen  1975;  Frankie  1976).  When  intruders  are 
encountered  in  these  defended  areas,  they  are  almost  chased  by  the  territorial  males. 
Usually  this  results  in  displacement  of  the  portion  of  the  tree  but  in  some  cases  the 
'intruder'  may  be  sufficiently  disturbed  such  that  it  leaves  the  tree  entirely  (Frankie  and 
Baker  1974).  Effectiveness  of  territorial  encounters  in  displacing  potential  pollen  vector 
to  adjacent  conspecific  plants  enhances  outcrossing. 

Some  species  of  the  Anthophorid  bees  (Gaesischia  exul,  Centris  adani,  C.  aethyctera) 
are  known  to  forage  in  close  aggregations  over  the  crown  of  several  dry  forest  tree 
species  in  Costa  Rica  (Frankie  and  Baker  1974;  Frankie  et  al  1976;  Frankie  1976).  Large 
crown  size  and  profuse  flowering  for  relatively  shorter  periods  are  important  factors  in 
determining  the  occurrence,  number  and  size  of  aggregations  (Frankie  1976).  The 
aggregations  move  quickly  and  continuously  from  one  cluster  of  flowers  to  another. 


382  C  Subba  Reddi  and  E  U  B  Reddi 

The  movement  takes  the  form  of  a  smooth  flowering  wave  in  which  there  is  a  rather 
rapid  dissipation  in  numbers  from  one  flowering  branchlet  to  another.  The  general  stir 
caused  by  these  groups  as  they  move  over  the  tree  surface  in  'waves'  may  provide 
impetus  for  atleast  some  individuals  of  the  more  sensitive  bee  species  to  move  to  other 
food  sources  such  as  neighbouring  conspecific  trees. 

In  some  species,  intra-  and  inter-specific  aggressive  tendencies  are  regularly  observed 
during  foraging.  Johnson  and  Hubbell  (1974,  1975)  reported  aggressive  foraging 
behaviour  by  stingless  bees.  Morse  (1978)  observed  interspecific  aggression  of  bumble 
bee  workers  on  roses.  Displacement  of  stingless  bees  by  honey  bees  from  some  of  the 
flower  species  was  observed  by  Roubik  (1978).  In  these  aggressions  mostly  males  may 
butt  other  insects  or  pull  them  off  flowers  (Alcock  et  al  1977).  This  tendency  is  often 
expressed  in  the  form  of  one-on-one  attacks  or  'bumps'  as  described  by  Frankie  (1976). 
When  aggressions  occur  the  attacked  individual  usually  moves  to  another  flower  on  the 
same  plant.  However,  in  some  instances  the  bumped  individual  is  hit  with  such  force 
that  it  appears  to  leave  the  tree  entirely. 


11.    Biocoenosis  relations 

Baker  (1963)  pointed  out  the  need  to  consider  pollination  on  a  community  basis.  It  has 
been  shown  that  completely  interdependent  relationships  like  those  of  Ficus,  Yucca, 
Pyrrhopappus  are  exceptions  to  the  non-synchroneity  of  the  life-times  of  pollinators 
and  flowering  of  their  food  plants.  Normally  the  pollinators  may  need  more  than  one 
plant  for  feeding  and  the  plants  are  exposed  to  more  than  one  pollinator  during  their 
flowering  time.  It  is  then  important  that  a  constant  energy  flow  through  the  community 
has  to  be  maintained  at  a  minimum  level  to  maintain  the  pollinator  community  (Faegri 
and  Fiji  1979).  Baker  et  al  (1971)  discussed  the  pollination  biology  ofCeiba  acuminata 
in  relation  to  its  community  function.  Heithaus  (1974)  and  Frankie  (1976)  showed  how 
important  the  pollinator-flower  interactions  are  to  determining  the  respective  com- 
munity structure  and  to  keeping  up  their  integrity.  The  ability  of  such  bees,  judged  to  be 
irrelevant  in  pollination,  to  obtain  food  from  such  plants  particularly  during 
unfavourable  periods  is  important  in  keeping  them  available  in  the  ecosystem  until  the 
appropriate  season  arrives  for  the  flowers  that  require  them.  From  a  study  of  four  plant 
communities  in  British  Columbia,  Pojar  (1974)  clearly  showed  how  bumble  bee 
population  is  maintained  on  six  different  anemophiles  which  do  not  benefit  from  the 
bees.  So  to  recall  the  words  of  Macior  (1974a)  "it  is  imperative  that  studies  of  particular 
pollination  mechanisms  be  based  upon  critical  observations  not  only  of  the  mechan- 
isms themselves  but  of  the  entire  ecological  context  in  which  they  operate". 


12.    Conservation  and  management  of  wild  bees 

As  expressed  by  Free  (1972),  intensification  of  land  utilization  and  clean  cultivation  has 
played  havoc  with  the  nesting  sites  of  wild  bees.  The  extensive  cultivation  of  single  crops 
(Monoculture)  in  certain  areas  needed  larger  pollinator  populations  for  short  periods 
only,  outside  which  no  forage  is  available  to  pollinators  (Free  1972, 1980;  Martin  and 
McGregor  1973).  The  use  of  herbicides  and  other  weed-controlling  practices  further 
reduce  bee  pasturage/forage  (Kevan  1975a).  Indiscriminate  and  excessive  application  of 
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insecticides  is  another  factor  in  reducing  the  bee  populations  (Free  1970a,  1972;  Martin 
and  McGregor  1973;  Kevan  1974, 1975a,  b;  McGregor  1976;  Deodikar  1980;  Wilson  et 
al  1980).  Poisonous  effects  of  herbicides  on  bees  were  reported  by  Anderson  and  Atkins 
(1968),  Moffett  et  al  (1972).  The  pesticide  poisoning  sensitivity  was  shown  to  be 
influenced  by  pollen  feeding  conditions  (Wahl  and  Ulm  1983). 

Application  of  insecticides  selectively  and  carefully  during  bees  non-foraging  timings 
of  that  particular  crop,  provision  of  continuous  supply  of  bloom  (bee  pasturage) 
throughout  the  season  by  way  of  introducing  and  encouraging  the  good  nectar  and 
pollen  yielding  plants  (including  the  weeds),  plantation  of  hollow-pithy  stemmed  plants 
around  agricultural  fields  and  in  waste  lands  which  form  the  nests  for  some  varieties  of 
wild  bees,  are  some  of  the  important  measures  to  adopt  to  conserve  the  bee  pollinators. 

The  non-gregariousness  and  the  unpredictable  seasonal  availability  largely  discredi- 
ted the  wild  bees  as  pollinators  (Free  1970a;  McGregor  1976;  Kapil  and  Jain  1980).  It 
has  long  been  a  general  notion  that  honey  bees  and  other  social  bees  alone  can 
adequately  pollinate  crops  and  there  is  no  need  for  wild  bees.  Since  there  is  no  adequate 
work  on  the  economic  value  of  wild  bees,  Parker  and  Torchio  (1980)  considered  such 
notion  as  a  premature  statement.  Nevertheless,  over  the  two  decades  Megachile  pacifica 
(Leafcutter  bees)  and  Nomia  melanderi  (Alkali  bees)  for  alfalfa  and  Osmia  cornifrons  for 
apples  have  been  successfully  managed  for  pollinations  (Bohart  1972;  McGregor  1976; 
Kapil  and  Jain  1980). 

To  have  a  clear  picture  of  the  potential  of  the  bees  to  contribute  to  India's  economy 
through  pollination,  field  surveys  of  bees  species  and  which  species  visits  which  plant 
species  should  be  immediately  undertaken.  Then  basic  research  as  the  nesting 
behaviour,  life  histories,  communication,  nutritional  requirement,  resource  utilization 
patterns,  competitive  behaviour,  pesticide  hazards,  their  parasites  and  predators  may 
be  taken  up.  On  the  plants  side  also  qualitative  and  quantitative  data  on  floral  reward, 
breeding  structure  and  floral  behaviour  are  urgently  needed.  Such  knowledge  is 
fundamental  to  developing  the  techniques  towards  managing  the  bees  for  pollination 
service. 
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Butterflies  and  pollination  biology 
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Abstract.  Most  butterflies  with  the  characteristic  long  proboscis  feed  on  floral  nectar,  and 
the  Heliconius  butterfly  feed  on  pollen  as  well.  They  rely  mostly  on  flower  colour  for  locating 
and  identifying  the  flowers.  While  foraging  on  nectar,  they  carry  pollen  on  their  body  parts. 
Evidence  is  available  indicating  that  the  flower-visiting  butterflies  need  not  function  in  every 
case  as  pollinators.  Leptidea  synapis  forages  at  the  flowers  of  Viola  and  Lathyrus  without 
performing  the  reciprocal  pollination  service.  The  butterflies  as  a  group  have  the  tendency  to 
visit  a  few  flowers  on  a  plant  and  then  fly  to  another  plant  with  the  result  of  maximising 
xenogamy.  The  need  for  detailed  studies  over  different  geographical  regions  is  stressed  to  fully 
evaluate  the  role  of  butterflies  as  pollen  vectors. 

Keywords.    Floral  nectar;  proboscis;  foraging;  pollination;  xenogamy;  pollen  vectors. 


1.    Introduction 

Butterflies  in  the  insect  order  Lepidoptera  combine  aesthetic  appeal  with  a  diversity  of 
problems  of  scientific  interest.  One  such  problem,  which  is  also  of  practical  importance, 
is  their  interaction  with  the  plants.  Being  holometabolus  insects,  they  develop  in  a  series 
of  distinct  morphological  stages.  The  larvae,  commonly  referred  to  as  caterpillars,  are 
entirely  phytophagous  thriving  on  the  leaves,  especially  of  dicotyledonous  plants.  The 
adults  of  most  species  obtain  their  largely  carbohydrate  diet  from  the  nectar  of  flowers. 
Thus  over  the  entire  period  of  their  active  life,  the  butterflies  engage  in  a  spectrum  of 
plant-feeding  relationships  which  are  often  very  complex  involving  coevolution  and 
obligate  mutualism;  such  interaction  can  be  a  major  factor  in  generating  patterns  of 
diversity  in  both  the  partners  (Enrlich  and  Raven  1965;  Gilbert  1972, 1975).  We  attempt 
here  to  summarise  the  present  state  of  knowledge  in  butterfly-flower  interactions  that 
result  in  pollination. 


2.    Flower  visiting  butterflies 

Not  all  butterflies  are  flower- visiting.  Only  those  more  evolved  species  and  in  which  the 
mouth-parts  are  represented  by  a  long,  thin  proboscis  adapted  for  feeding  on  liquid  diet 
pay  their  visits  to  flowers.  Such  members  include  all  species  of  Danaids,  Vanessas, 
Nymphalids,  the  majority  of  males  of  Lycaenids,  Papilios,  Pierids  and  Hesperiids 
(Wynter-Blyth  1957). 


3.    What  do  the  butterflies  get  from  flowers? 

The  flowers  are  exploited  by  the  butterflies  for  nectar,  the  only  source  of  carbohydrate 
for  them.  Baker  and  Baker  (1973)  showed  that  butterfly  nectars  tend  to  have  sucrose 
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dominance  and  are  not  very  viscous.  Further,  the  nitrogen  requirement  is  met  from  the 
aminoacids  in  nectar;  therefore  the  butterfly  nectars  are  normally  rich  in  aminoacids 
(Baker  and  Baker  1975;  Baker  1978).  There  is  only  one  known  instance  of  butterflies 
getting  aminoacids  from  pollen.  The  neotropical  butterflies  of  the  genus  Heliconius 
collect  pollen  on  their  tongues,  add  nectar,  and  then  drink  the  nectar  that  contains 
aminoacids  that  have  been  leached  out  of  the  pollen  (Gilbert  1972).  Nectar  may  also 
satisfy  the  water  requirement  of  butterflies.  Vogel  observed  a  great  increase  in  the 
number  of  butterfly  visits  to  flowers  during  a  drought,  driven  there  by  the  need  for 
water  (see  Percival  1965). 

4.  Locating  and  identifying  the  flowers 

Butterflies  are  diurnal  in  their  activity  and  visit  many  flowers  that  open  in  the  morning 
using  innate  and  imprinted  "search  images"  (Swihart  1971).  They  rely  entirely  or 
exclusively  on  floral  colour  for  locating,  identifying  and  feeding  from  the  flower.  Most 
species  have  innate  colour  preference  and  show  fidelity  to  colour  variations;  in  some 
cases  these  may  be  modified  by  experience  or  training.  They  can  distinguish  between 
various  colours  of  yellow.  The  members  of  advanced  families  such  as  Nymphalids  and 
Pierids  are  sensitive  to  both  yellow/orange  and  red,  whereas  the  primitive  Hesperidae 
are  sensitive  only  to  yellow/orange  and  may  not  see  red  (Use  1928;  Swihart  1969, 1970, 
1972).  Some  show  a  preference  also  for  blue  colours  (Use  1926;  Use  and  Vaidya  1956). 
Trichromatic  colour  vision  has  been  demonstrated  in  Pieridae  (Eisner  et  al  1969)  and 
Nymphalidae  (Struwe  1972  a,  b).  When  the  butterflies  are  attracted  by  the  colour  of  the 
flowers,  scents  may  act  as  nectar  markers,  and  in  such  flowers  there  will  be  a  change  in 
quality  and  quantity  of  the  scent  emitted  near  the  nectary  (Schremmer  1973). 

Detailed  features  of  the  flowers,  such  as  the  "dissection"  (the  ratio  of  perimeter  to 
area)  of  the  corolla  may  also  be  important  identifying  characters  (Use  1932).  The  typical 
butterfly  blossom  is  one  with  a  narrow  tube  and  flat  rim  as  seen  in  Lantana  and 
Buddleia.  Butterflies  sucking  nectar  out  of  narrow  tubes,  frequently  florets  of 
Compositae,  is  a  common  feature  (Proctor  and  Yeo  1972;  Faegri  and  Pijl  1979).  In 
certain  blossoms  as  in  Caesalpinia  pulcherrima  and  Cadabafruiticosa,  the  long  distance 
between  sexual  organs  and  nectar  source  is  of  positive  value  for  the  correct  use  and 
placing  of  the  proboscis.  But  like  bees,  butterflies  also  utilise  other  blossom  types. 

5.  Pollination  by  butterflies 

While  foraging  at  the  flowers  for  nectar,  the  pollen  grains  adhere  to  the  various 
butterfly  body  parts  such  as  proboscis,  head,  thorax,  legs,  wings;  the  exact  pollen  region 
depend  on  the  floral  architecture,  more  so  whether  the  essential  organs  are  exserted  or 
concealed  within  the  corolla.  The  pollen  thus  adhered  is  likely  to  be  transferred  on  the 
stigmatic  surface  when  the  butterfly  moves  to  another  conspecific  flower,  thus 
performing  pollination.  However,  authentic  cases  of  butterfly  pollination  are  few  and 
relate  to  plant  species  as  Caesalpinia  pulcherrima  (Cruden  and  Hermann-Parker  1979), 
Asdepias  syriaca  (Percival  1965),  Aesculus  calif  arnica  (See  Moldenke  1976), 
Platanthera  ciliaris  (Smith  and  Snow  1976),  Phlox  species  (Grant  and  Grant  1965; 
Levin  and  Berube  1972),  Anguria  (Gilbert  1975)  and  Cadaba  fruiticosa  (authors' 
observation). 
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In  Caesalpinia  pulcherrima,  the  stiff  filaments  afford  a  good  landing  place  and  the 
narrow  tube  containing  the  nectar  is  nicely  suitable  for  butterfly  proboscis.  Butterflies 
belonging  to  Papilionidae,  Pieridae,  Hesperidae  and  Nymphalidae  effect  pterygotribic 
pollination  in  this  plant.  The  pollen  grains  are  held  together  by  viscin  threads,  which 
results  in  the  clumped  dispersion  of  pollen  on  the  butterfly  wing.  Of  the  four  families  of 
butterflies,  Papilionidae  are  the  effective  pollinators  because  they  flutter  their  wings 
continuously  while  foraging  at  the  flower.  These  approach  the  flowers  from  above  and 
in  front,  thus  maximising  anther  and/or  stigma-wing  contact. 

Asclepias  syriaca  is  pollinated  by  Danaus  plexippus.  The  gland  of  the  pollinia  is 
situated  midway  between  both  the  anthers  and  coronal  cups  and  immediately  above  the 
narrow  slit  leading  to  the  stigmas.  The  gland  clamps  firmly  round  the  insects  leg  which 
later  slips  into  the  slit  as  the  insect  shifts  its  position  while  drinking  the  copious  nectar  in 
the  coronal  cups.  When  the  insect  pulls  its  leg  out,  the  pollinia  also  come  away  and  may 
be  carried  to  other  flowers.  The  butterfly  has  to  exert  considerable  force  to  extricate  its 
leg  from  the  groove,  and  only  the  larger,  stronger  ones  can  do  this.  Others  are  trapped 
and  flutter  until  they  die. 

Aesculus  californica  is  pollinated  by  butterflies  of  the  genera  Euphydryas  and 
Strymon.  It  is  interesting  to  note  that  all  species  of  Aesculus  secrete  a  nectar  that  is 
poisonous  to  bees,  interfering  with  the  normal  development  of  the  larva. 

The  butterfly  Papilio  troilus  is  the  most  frequent  pollinator  of  the  orchid  Platanthera 
ciliaris  with  bright  orange  coloured  flowers.  The  butterfly  directly  alights  on  the 
raceme,  and  supports  itself  by  its  legs  on  several  flowers  with  constant  wing  motion.  As 
the  proboscis  is  lowered  to  the  nectary,  the  head  comes  in  contact  with  the  viscidium  of 
pollinarium.  Upon  withdrawing  from  the  flower,  the  pollinarium  is  firmly  cemented  to 
the  butterfly's  head  and  is  pulled  out  of  the  half  anther  cell,  then  as  the  butterfly  searches 
for  nectar  from  another  flower,  the  pollinium  usually  brushes  against  the  stigmas  and 
results  in  several  massula  getting  deposited  on  the  stigmatic  surface  located  just  above 
the  opening  to  the  nectary. 

The  Phlox  pilosa  and  P.  glaberrima  rely  for  their  reproductive  success  on  several 
species  of  butterflies  (Colias,  Pieris,  Danaus  and  Polities).  The  proboscis  carry  hundreds 
of  pollen  grains  out  of  the  corollas.  Though  some  pollen  are  removed  during  flight  from 
one  plant  to  another  because  of  proboscis  coiling,  considerable  amount, of  pollen  is 
deposited  on  the  stigmas,  thus  effecting* pollination. 

Anguria  is  the  little-known,  inconspicuous  cucurbit  genus  which  provides  pollen  and 
nectar  sources  for  Heliconius  and  is  pollinated  by  that  butterfly.  All  species  of  Anguria 
are  dioecious  and  they  produce  flowers  in  an  inflorescence  on  a  long  peduncle  if  male,  in 
pairs  at  each  node  if  female.  These  flowers  have  unequal  sex  ratios  and  they  provide 
food  for  any  Heliconius  throughout  its  life  by  the  continuous  production  of  pollen  and 
nectar.  The  nectar  production  during  the  brighter  hours  train  the  butterflies  to  the  male 
plants  position  and  they  collect  pollen  during  semi-darkness.  The  stigmatic  surface  of 
the  female  flowers  is  covered  with  pollen-sized  bumps  and  mimics  as  the  male  flower  to 
attract  butterflies  (Gilbert  1975). 

Cadabafruiticosa  in  pollinated  by  Colotis  eucharis,  C.  danae  and  Anaphaeis  aurota. 
These  alight  on  the  elongated  gynandrophore  with  a  tubular  nectarial  appendage 
arising  from  base.  While  foraging,  the  abdomen  and  wings  make  contact  with  the 
stamens  and  gynoecium. 

Contrary  to  the  above  mutualistic  relationship  between  butterflies  and  flowers, 
Wiklund  et  al  (1979)  basing  their  observations  with  the  wood  white  butterfly  Leptidea 
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sinapis  and  its  nectar  plants — Viola  carina,  V.  riviniana  and  Lathyrus  montanus, 
advanced  a  hypothesis  that  butterflies  as  a  group  may  have  evolved  to  occupy  a  parasitic 
mode  of  life  as  adults,  feeding  on  the  nectar  of  flowers  without  pollinating  them.  But  in 
view  of  certain  authentic  cases  of  butterfly  pollination  on  record  such  generalisation  as 
to  the  relationship  between  butterflies  and  flowers  becomes  inviable. 

6.  Host  specificity  and  flower  constancy 

There  are  no  known  instances  illustrating  a  strict  one-to-one  relationship  between 
butterflies  and  their  plants.  However,  few  instances  of  plant  species  visited  exclusively 
or  mostly  by  butterflies  are  on  record.  Such  plant  species  are  those  mentioned  earlier  as 
being  pollinated  by  butterflies. 

To  what  extent  butterflies  are  instinctively  flower  constant  is  not  clear.  Christy 
observed  a  group  of  butterflies  (Vanessa,  Colias,  Parnassius,  Pieris)  making  predomi- 
nantly (75  %)  conspecific  visits,  while  Bennett  found  the  same  kinds  of  butterflies 
making  predominantly  (78  %)  interspecific  visits  (see  Grant  1949).  Levin  and  Berube 
(1972)  found  that  the  Colias  butterflies  in  the  mixed  population  of  Phlox  pilosa  and 
Phlox  glaberrima  exhibited  a  distinct  preference  to  the  former  species.  Cruden  and 
Hermann-Parker  (1979)  observed  on  Caesalpinia  pulcherrima  that  the  butterflies 
visited  four  to  six  flowers,  then  flew  to  another  tree.  A  drifting  behaviour  has  also  been 
recorded  on  Tribulus  terrestris  (Subba  Reddi  et  al  1981),  Sapindus  emarginatus  (Subba 
Reddi  et  al  1983),  Jatropha  gossypiifolia  (Reddi  and  Subba  Reddi  1983)  and  Senecio 
(Schmitt  1980).  Knoll  suggested  that  the  relative  degree  of  constancy  might  depend  on 
the  relative  abundance  of  the  nectar  resource  (see  Grant  1949).  If  the  resource  is 
bountiful,  the  butterflies  tend  to  remain  constant.  That  such  a  trend  may  not  always  be 
expected  is  evident  from  the  observations  on  Sapindus  emarginatus  which  provides  an 
abundant  resource,  thus  pointing  to  their  drifting  behaviour  which  is  of  paramount 
importance  to  the  plants  they  pollinate  because  such  tendency  maximises  the  delivery  of 
xenogamous  pollen,  and  minimises  selfing  or  geitonogamy.  Such  behaviour  is  still  more 
crucial  for  the  self-incompatible  species.  Schmitt  (1980)  found  in  Senecio  populations 
exposed  to  butterfly  as  well  as  bumble  bee  pollinations  that  the  gene  (pollen)  dispersal 
has  been  considerably  greater  in  butterfly  pollinations. 

7.  The  length  of  time  spent  at  flowers 

The  number  of  flowers  visited  per  unit  time  and  the  time  spent  at  the  flowers  is  an 
indication  of  the  mobility  of  the  insects,  which  in  turn  speaks  of  the  effectiveness  to 
utilize  the  floral  resource.  Each  species  of  butterfly  differ  from  the  other  in  the  length  of 
time  spent,  and  the  time  spent  by  the  same  species  on  different  plants  also  differ 
(table  1).  Cruden  (1976)  related  the  length  of  foraging  visits  to  the  amount  of 
accumulated  nectar.  When  little  nectar  is  available  the  visits  are  short,  but  many  flowers 
are  visited.  When  relatively  large  amounts  of  nectar  accumulate,  the  butterfly  requires 
more  time  to  extract  the  nectar,  and  fewer  flowers  are  visited.  It  is  predicted  that  when 
more  time  is  spent  at  flowers  and  fewer  flowers  are  visited,  fruit-set  is  lowered,  and  seed- 
set  is  maximised  because  of  the  increased  pollen  transfer  that  results  from  spending 
longer  time  at  each  flower.  Conversely,  visiting  many  flowers  results  in  the  maximis- 
ation of  fruit-set  and  tend  to  result  in  lower  seed-set. 
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Table  1 .    Length  of  time  spent  by  different  butterflies  at  the  flowers  of  different  plant  species. 

Time  spent 
Butterfly  type  (sec) 

Sapindus  emarginatus  (Subba  Reddi 

et  al  1983)  Male  Female 

Baoris  zelleri  9-3  10-8 

Euploea  core  8-0  10-8 

Jatropha  gossypiifolia  (Reddi  and 
Subba  Reddi  1983) 
Catopsilia  crocale  2-1  3-3 

Premna  latifolia  (authors'  observation) 

Papilio  polytes  1-5 

Antigonon  leptopus 

Catopsilia  pomona  1-2 

Danaus  chrysippus  1-3 

Hypolimnas  bolina  2-1 

Hypolimnas  missipus  5-2 

Papilio  polytes  2-3 

Precis  lemonias  10-3 

Tros  hector  1-2 

Zetides  agamemnon  2-3 

Duranta  repens 

Catopsilia  pomona  13 

Euploea  core  2 

Euploea  crassa  18 

Papilio  polytes  4 

Precis  lemonias  16 

Telchinia  violae  14 

Zetides  agamemnon  23 

Cadaba  fruticosa 

Anaphaeis  aurota  3-1 

Colotis  danae  2 

C.  eucharis  1 


8.     Conclusion 

In  conclusion,  it  can  be  said  that  the  information  on  flower-visitation  and  pollination 
by  butterflies  is  very  meagre.  This  is  also  evident  from  the  limited  treatments  of  it  in  the 
books  on  pollination  biology  as  of  Percival  (1965),  Proctor  and  Yeo  (1972),  Faegri  and 
Fiji  (1979)  and  in  such  reviews  as  that  of  Baker  and  Hurd  (1968)  and  Vogel  (1978). 
Eventhough  verne  Grant  as  early  as  1949  felt  this  lacuna,  no  attempts  have  been  made 
to  rectify  this  defect.  Detailed  studies  in  this  fascinating  and  challenging  field  of  inquiry 
over  different  geographical  regions  are  needed  for  a  proper  evaluation  of  butterflies  as 
utilisers  of  floral  nectar  and  as  pollen  vectors. 
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Plant  virus  diseases  transmitted  by  whiteflies  in  Karnataka 
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Abstract.  Whiteflies  (Bemisia  tabaci)  transmitted  yellow  mosaic,  yellow  vein  mosaic  and  leaf 
curl  diseases  of  economically  important  crops.  Horsegram  yellow  mosaic  virus  and  cowpea 
mild  mottle  virus  have  been  isolated  and  characterised  in  India.  Except  these  two  viruses  the 
causal  agents  of  other  whitefly  transmitted  diseases  are  not  known. 

Keywords.  Whitefly;  Bemisia  tabaci^  yellow  mosaic;  yellow  vein  mosaic;  leaf  curl;  gemini- 
virus;  horsegram  yellow  mosaic  virus;  cowpea  mild  mottle  virus;  ELISA. 


1.    Introduction 

Pathogens  transmitted  by  whiteflies  have  been  known  to  occur  more  abundantly  in 
tropical  and  subtropical  countries  and  less  abundantly  in  temperate  countries  (Bird 
and  Maramorosch  1978;  Costa  1976;  Duffus  and  Flock  1982;  Goodman  and  Irwin 
1981;  Hildebrand  1959;  Muniyappa  1980;  Nene  1972;  Varma  1963). 

The  whitefly-borne  diseases  occur  on  economically  important  crop  plants,  causing 
substantial  yield  losses  every  year  in  India  (Butter  and  Rataul  1981;  Muniyappa  1980; 
Nene  1972;  Sastry  and  Singh  1973). 

The  importance  of  whitefly  transmitted  diseases  in  Karnataka  was  suggested  by 
Govindu  (1964).  Since  then  progress  has  been  made  on  transmission,  host  range  and 
some  aspects  of  epidemiology  and  control.  A  brief  account  of  work  done  on  whitefly 
transmitted  diseases  in  Karnataka  is  discussed  in  this  paper. 


2.    Diseases 

2.1     Yellow  mosaic  ofbambara  groundnut 

A  yellow  mosaic  disease  characterised  by  faint  yellow  discolouration  of  young  leaves 
and  bright  yellowing  of  older  leaves  was  observed  on  Voandzeia  subterranea  (bambara 
groundnut)  (caused  by  horsegram  yellow  mosaic  virus)  during  summer  of  1981  at  the 
Agricultural  Farm,  University  of  Agricultural  Sciences,  Bangalore.  The  agent  could  be 
acquired  by  Bemisia  tabaci  in  10  min  and  required  a  minimum  of  4  hr  latent  period  and 
a  10  min  inoculation  access  period.  The  B.  tabaci  transmitted  the  disease  agent  to 
Canavalia  ensiformis,  Glycine  max,  Macrotyloma  uniflorum  cv.  HH-2,  Phaseolus 
lunatus,  P.  vulgaris  cv.  contender  and  Vigna  radiata  cv.  PIMS-3  (Muniyappa  el  al  1984 
in  press). 
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2.2     Yellow  mosaic  of  Dolichos  lab-lab 

Yaraguntaiah  and  Govindu  (1964)  observed  yellow  mosaic  in  Lab-lab  purpureus  (syn. 
Dolichos  lab-lab}.  The  disease  agent  was  transmitted  by  B.  tabaci  but  the  percentage  of 
transmission  was  low.  The  per  cent  incidence  in  the  fields  in  summer  was  1  %  to  5  % 
(Annapurna  and  Muniyappa  unpublished). 

Mosaic  symptoms  were  observed  on  young  leaves  in  the  form  of  scattered  irregular 
yellow  spots.  The  size  of  the  spots  increased  gradually  and  eventually  the  leaves  became 
completely  yellow  (Maramorosch  and  Muniyappa  1981).  Two  hundred  and  forty- 
eight  germplasm  lines  tested  were  susceptible  to  the  disease  (Muniyappa  and 
Chandrashekaraiah  1980). 


2.3     Yellow  mosaic  offrench  bean 

The  disease  was  characterised  by  a  bright  yellow  mosaic  pattern  on  the  leaves  and 
downward  rolling  of  leaves.  Plants  became  stunted  and  leaves  were  reduced  in  stee.  The 
infected  plants  produced  few  pods  (Maramorosch  and  Muniyappa  1981).  During 
summer  bean  plants  were  severely  affected  and  infection  reached  50%  to  80% 
(Annapurna  and  Muniyappa  unpublished). 

The  disease  agent  infected  experimentally  G.  max,  M.  uniflorum,  P.  lathyroides, 
P.  lunatus  and  V.  radiata.  B.  tabaci  acquired  the  virus  after  feeding  for  10  min  and 
inoculated  it  into  healthy  plants  after  15  min.  Infectivity  was  retained  by  vectors  for  18 
days  (Maramorosch  and  Muniyappa  1981).  The  disease  is  caused  by  horsegram  yellow 
mosaic  virus  (Muniyappa  et  al  unpublished).  Several  insecticides  were  used  for 
controlling  whitefly  vector  in  experimental  farm  (Singh  et  al  1981). 


2.4     Yellow  mosaic  of  groundnut 

Diffused  yellow  discolouration  appeared  on  young  leaves  and  later  yellow  mosaic 
mottling  appeared.  Sometimes  entire  leaves  became  bright  yellow.  The  incidence  of 
disease  during  summer  in  fields  was  less  than  1  %.  The  disease  was  not  so  serious -in 
groundnut.  The  virus  was  transmitted  by  B.  tabaci  from  groundnut  to  groundnut,  M. 
uniflorum,  P.  lunatus  and  V.  radiata  (Annapurna  and  Muniyappa  unpublished).  The 
yellow  mosaic  disease  of  groundnut  is  caused  by  horsegram  yellow  mosaic  virus 
(Muniyappa  et  al  unpublished). 


2.5     Yellow  mosaic  virus  of  horsegram 

The  incidence  of  yellow  mosaic  virus  in  horsegram  was  100  %  during  summer  and  early 
kharif  and  the  incidence  was  low  from  July  to  December.  The  incidence  was  correlated 
with  the  abundance  of  the  whitefly  B.  tabaci  population  in  the  field  (Muniyappa  et  al 
1975,  1978;  Muniyappa  1983). 

Faint  yellow  discolouration  appeared  on  young  leaves  and  as  the  disease  progressed 
yellow  mosaic  mottling  appeared.  Subsequently  the  mottling  enlarged  and  the  entire 
leaves  became  bright  yellow  and  eventually  became  completely  bleached  (Muniyappa 
et  al  1975). 

The  virus  was  transmitted  by  B.  tabaci  to  Cajanus  cajan,  Centrosema  sp.,  G.  max, 
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P.  aconitifolius,  P.  atropurpureus,  P.  lathyroides,  P.  lunatus,  P.  vulgaris,  F.  mungo, 
V.  radiata,  Teramnus  uncinatus  and  Indigofera  hirsuta  (Muniyappa  and  Reddy  1979; 
Muniyappa  et  al  1976a,  1977;  Nagaraj  1982).  Individual  whiteflies  were  able  to 
transmit  the  virus.  The  minimum  acquisition  and  inoculation  access  periods  were  30 
min  and  10  min  respectively.  Incubation  period  in  the  vector  was  6  hr.  Infectivity  was 
retained  for  12  days  (Muniyappa  and  Reddy  1976).  Several  resistant  and  tolerant 
horsegram  lines  have  been  identified  which  are  successfully  used  in  breeding  for  disease 
resistance  (Kallesh  et  al  1983;  Muniyappa  et  al  1976b,  1979). 

The  virus  particles  resembling  geminate  particles  measuring  15-18  x  30  nm  have 
been  isolated  and  characterised  from  yellow  mosaic  infected  horsegram  (Muniyappa 
et  al  unpublished). 

2.6     Yellow  mosaic  of  jute 

The  disease  agent  was  transmitted  by  B.  tabaci  to  Corchorus  capsularis  and  C.  olitorius 
producing  bright  yellow  patches  on  leaves.  The  infected  plants  were  slightly  dwarfed 
and  leaves  were  reduced  in  size  (Maramorosch  and  Muniyappa  1981). 


2.7     Yellow  mosaic  of  lima  bean 

The  disease  was  noticed  in  1964  by  Govindu  in  some  parts  of  Karnataka.  Faintly 
discoloured  patches  appeared  on  leaves  which  subsequently  turned  bright  yellow.  The 
infected  plants  continue  to  grow.  Hundred  per  cent  infection  was  observed  in  fields 
during  summer  (Annapurna  and  Muniyappa  unpublished).  Single  B.  tabaci  was  able 
to  transmit  the  disease  agent.  Acquisition,  inoculation  and  incubation  periods  were 
Ihr,  15  min,  and  8hr  respectively.  The  virus  infected  P.  aborigineus,  P.  coccineus,  P. 
lathyroides,  P.  lunatus,  G.  max,  M.  uniflorum,  V.  mungo  and  V.  radiata  (Maramorosch 
and  Muniyappa  1981).  The  disease  is  caused  by  horsegram  yellow  mosaic  virus 
(Muniyappa  et  al  unpublished). 


2.8     Yellow  mosaic  ofmungbean 

The  disease  causes  serious  loss  and  affects  several  legumes.  The  incidence  of  disease  in 
fields  varied  from  30%  to  80%  during  summer  (Annapurna  and  Muniyappa 
unpublished).  First  symptoms  appeared  on  young  leaves,  forming  mild  scattered 
yellow  specks  or  spots  that  later  enlarged.  Severely  infected  plants  were  stunted  and  the 
yield  was  considerably  reduced.  B.  tabaci  transmitted  the  virus  to  Cajanus  cajan,  G. 
max,  M.  uniflorum,  P.  acutifolius,  P.  aconitifolius,  P.  lathyroides,  P.  lunatus,  P.  vulgaris, 
V.  mungo,  and  V.  radiata.  Acquisition,  inoculation  and  incubation  periods  in  the 
vector  B.  tabaci  were  20  min,  1 5  min,  and  4  hr  respectively.  The  whiteflies  were  found  in 
nature  throughout  the  year  but  the  population  was  highest  during  summer  and  lower 
during  kharif  and  rabi  seasons  (Maramorosch  and  Muniyappa  1981).  All  the 
cultivated  varieties  were  susceptible  to  yellow  mosaic  (Muniyappa  et  al  1976c).  P. 
calcaratus  was  immune  to  yellow  mosaic  (Nagaraj  et  al  1980)  and  it  was  utilized  in 
breeding  for  disease  resistance.  Crosses  between  P.  calcaratus  and  V.  radiata  resulted  in 
number  of  lines  which  were  resistant  to  yellow  mosaic  (Satyan  et  al  1 983).  The  disease  is 
caused  by  horsegram  yellow  mosaic  virus  (Muniyappa  et  al  unpublished). 
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2.9     Yellow  mosaic  of  patchouli 

The  infected  leaves  of  patchouli  plants  showed  yellow  irregular  patches  in  addition  to 
systemic  mottle.  Some  varieties  produced  diffused  mosaic  mottling  and  chlorotic 
spotting  on  the  young  leaves.  The  incidence  of  disease  ranged  from  43  %  to  76  %  at  the 
experimental  farm  of  Indian  Institute  of  Horticultural  Research,  Bangalore.  The 
disease  agent  was  transmitted  by  B.  tabaci  to  Pogostemon  patchouli,  P.  purpurascens 
and  Ocimum  basilicum  (Sastry  and  Vasanthakumar  1981). 


2.10  Yellow  mosaic  ofpigeonpea 

The  virus  was  transmitted  by  B.  tabaci  to  G.  max,  M.  uniflorum,  P.  lunatus  and  V. 
radiata.  Yellow  diffused  spots  on  the  leaves  gradually  enlarged  to  form  broad  yellow 
patches  (Maramorosch  and  Muniyappa  1981).  The  incidence  of  yellow  mosaic  under 
field  conditions  varied  from  1  %  to  8  %  (Annapurna  and  Muniyappa  unpublished). 
The  disease  is  caused  by  horsegram  yellow  mosaic  virus  (Muniyappa  et  al 
unpublished). 

2. 1 1  Yellow  mosaic  of  soybean 

Faint  yellow  discolouration  appeared  on  young  leaves  and  later  turned  into  bright 
yellow  patches.  In  highly  susceptible  varieties  the  leaves  exhibited  complete  yellow, 
plants  stunted  and  reduced  in  pod  size  (Maramorosch  and  Muniyappa  1981).  The 
incidence  of  disease  under  field  conditions  during  summer  varied  from  10  %  to  40  % 
(Annapurna  and  Muniyappa  unpublished).  G.  formosana  and  G.  weightii  were 
resistant  to  yellow  mosaic  virus  (Muniyappa  et  al  1983b).  The  disease  is  caused  by 
horsegram  yellow  mosaic  virus  (Muniyappa  et  al  unpublished). 

2.12  Chlorotic  ring  spot  of  jasmine 

The  disease  agent  transmitted  by  B.  tabaci  induced  yellow  chlorotic  spots  of  varying 
size  and  shape  intermingled  with  the  normal  green  colour  of  the  leaves  (Maramorosch 
and  Muniyappa  1981;  Jagadishchandra  et  al  1979). 

2.13  Yellow  vein  mosaic  of  Ageratum  conyzoides 

The  characteristic  symptoms  were  vein  clearing,  yellowing  of  veins  and  slight  reduction 
of  leaf  size  and  in  the  height  of  the  plants.  Curling  of  the  leaves  was  also  observed. 
Single  B.  tabaci  was  able  to  transmit  the  disease  agent  (Maramorosch  and  Muniyappa 
1981). 

2.14  Yellow  vein  mosaic  ofbhendi 

Yellow  vein  mosaic  ofbhendi  is  a  very  serious  disease  affecting  the  growth  and  yield  of 
the  crop  (Govindu  1964;  Singh  1980).  Characteristic  symptoms  of  the  disease  were 
clearing  of  the  veins,  yellowing  and  vein  enlargement  on  the  lower  leaf  surface. 
Flowering  was  sparse  and  few  fruits  were  formed.  The  disease  agent  was  transmitted  by 
B.  tabaci  (Maramorosch  and  Muniyappa  1981;  Singh  1980).  The  incidence  of  disease 
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was  correlated  with  vector  population  in  the  field.  The  incidence  of  disease  was  more  in 
summer  (February  to  early  June)  and  lower  from  late  June  to  December  (Singh  1980). 
Singh  et  al  (1977)  suggested  several  methods  for  the  control  of  the  disease. 


2.15     Yellow  vein  mosaic  of  Croton  sparsiflorus 

C.  sparsiflorus  a  common  weed  was  infected  with  yellow  vein  mosaic  disease.  The 
disease  symptoms  included  vein  clearing,  vein  yellowing,  reduction  in  leaf  size  and 
slight  stunting  and  bushy  appearance.  The  disease  agent  was  transmitted  by  B.  tabaci 
(Maramorosch  and  Muniyappa  1981). 


2.16     Yellow  vein  mosaic  of  Eclipta  alba 

The  symptoms  of  the  disease  included  vein  clearing,  yellowing  of  the  veins  and 
complete  chlorosis  of  laminae  in  advanced  stages.  The  disease  agent  was  transmitted 
by  B.  tabaci  (Maramorosch  and  Muniyappa  1981). 


2.17     Yellow  vein  mosaic  of  Leucas 

Vein  clearing  and  yellowing  were  observed  in  L.  asper.  The  disease  agent  was 
transmitted  by  B.  tabaci  from  L.  asper  to  L.  asper  (Maramorosch  and  Muniyappa 
1981). 


2.18     Yellow  vein  mosaic  of  Malvastrum  coromandelianum 

The  disease  agent  produced  vein  clearing,  yellowing  of  the  veins  and  slight  reduction  in 
leaf  size.  The  agent  was  transmitted  by  B.  tabaci.  The  vector  acquired  the  disease  agent 
in  20  min  and  transmitted  it  after  an  incubation  period  of  4  hr.  Infectivity  was  retained 
for  10-16  days  (Maramorosch  and  Muniyappa  1981). 


2.19    Leaf  curl  of  chilli 

Leaf  curl  is  one  of  the  serious  diseases  of  chillies  in  Karnataka  causing  substantial  yield 
losses  every  year  (Govindu  1964;  Singh  et  al  1979a).  Based  on  host  range  and 
transmission  the  disease  has  been  reported  to  be  caused  by  the  agent  of  tobacco  leaf 
curl.  The  incidence  of  disease  during  February  to  June  was  70  %  to  100  %  and  from  July 
to  December  it  was  10%  to  25%  (Singh  et  al  1979a).  Curling  of  the  leaves  was 
accompanied  by  puckering  and  blistering  of  interveinal  areas  and  thickening  and 
swelling  of  the  veins.  Axillary  buds  were  stimulated  to  produce  clusters  of  leaves  that 
were  reduced  in  size.  Infected  plants  were  stunted  and  bushy  in  appearance.  The 
disease  agent  was  transmitted  by  B.  tabaci  to  Capsicum  annuum,  C.  frutescens,  C. 
microcarpum,  Lycopersicon  esculentum  and  Nicotiana  tabacum  (Maramorosch  and 
Muniyappa  1981).  Furadon  (1-5  kg  ai/ha),  disulfoton  (1-5  kg  ai/ha)  and  oxydemeton- 
methyl  (0-05  %)  were  found  effective  in  reducing  whitefly  population  and  leaf  curl 
incidence  to  a  great  extent  (Singh  et  al  1979a). 
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2.20  Leaf  curl  of  papaya 

The  disease  which  occurs  sporadically  in  Karnataka  (Govindu  1964)  produced  severe 
curling,  crinkling  and  distortion  of  leaves,  vein  clearing  and  reduction  of  leaf  size. 
Based  on  host  range  and  transmission  the  disease  has  been  reported  to  be  caused  by  the 
agent  of  tobacco  leaf  curl.  The  leaf  margins  were  rolled  backward  and  inward,  the  veins 
thickened  and  turned  dark  in  colour.  Leaves  became  leathery  and  brittle  and  infected 
plants  bore  few  flowers.  The  disease  agent  was  transmitted  by  B.  tabaci  (Maramorosch 
and  Muniyappa  1981). 

2.21  Leaf  curl  of  sesamum 

The  causal  pathogen  transmitted  by  B.  tabaci  induced  curling  of  the  leaves  inward  and 
backward,  leathery  appearance  of  the  leaves  and  thickened  veins  on  the  underside  of 
the  leaves.  Severely  affected  plants  remained  stunted  and  produced  few  fruits 
(Maramorosch  and  Muniyappa  1981). 

2.22  Leaf  curl  of  tobacco 

The  disease  occurs  throughout  the  state  causing  substantial  yield  losses  (Govindu 
1964),  The  disease  produced  curling  and  puckering  of  the  leaves,  clearing  and 
thickening  of  the  veins,  twisting  of  petioles  and  enations  on  the  veins  or  the 
undersurface  of  the  leaves.  The  leaves  were  reduced  in  size.  The  disease  agent  was 
transmitted  by  B.  tabaci  to  Acanthospermum  hispidum,  C.  annuum,  Carica  papaya. 
Datura  stramonium,  L.  escidentum,  N.  tabacum  and  N.  glutinosa  (Maramorosch  and 
Muniyappa  1981). 

2.23  Leaf  curl  of  tomato 

Leaf  curl  is  a  very  serious  disease  throughout  Karnataka  and  caused  great  damage  to 
the  crop  (Govindu  1964;  Sastry  and  Singh  1973).  Hundred  per  cent  infection  was 
observed  in  summer  causing  yield  losses  ranging  from  27  %  to  90  %  depending  on  the 
age  at  which  infection  occurred  (Sastry  and  Singh  1973;  Sastry  et  a!  1978a;  Seetharama 
Reddy  1978). 

The  disease  agent  produced  pronounced  dwarfing  and  puckering  of  the  leaves 
sometimes  vein  clearing  and  excessive  branching.  Early  infected  plants  were  severely 
Stunted  and  flowers  dropped  off.  Infected  plants  produced  few  fruits  of  small  size 
(Seetharama  Reddy  1978;  Maramorosch  and  Muniyappa  1981).  Variations  in  leaf  curl 
symptoms  were  observed  and  based  on  the  symptoms  on  tomato  they  were  grouped 
into  five  isolates  (Seetharama  Reddy  et  al  1981). 

B.  tabaci  transmitted  the  disease  agent  to  Datura  stramonium,  L.  esculentum,  L. 
hirsutum,  L.  peruvianum,  L.  pimpinellifoliurn,  L.  pississi  and  N.  tabacum  (Seetharama 
Reddy  1978;  Maramorosch  and  Muniyappa  198 1).  Single  whitefly  was  able  to  transmit 
the  causal  agent.  The  minimum  acquisition  and  inoculation  access  periods  were  30  min 
each.  A  minimum  incubation  period  of  6hr  was  observed  to  be  essential  for 
transmission.  The  whiteflies  which  acquired  the  virus  could  transmit  the  disease  agent 
throughout  their  life  span  (Seetharama  Reddy  and  Yaraguntaiah  198 la). 

Spraying  various  insecticides  such  as  dimethoate,  methyl  parathion,  oxydemeton- 
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methyl,  phorate,  and  phosphamedon  from  the  nursery  stage  reduced  whitefly 
population  and  also  incidence  of  disease  (Sastry  and  Singh  1971,  1974;  Sastry  et  al 
1974,  1976;  Singh  el  al  1979b).  Foliar  application  of  DPB  at  75  ppm  was  effective  in 
reducing  the  infection  by  50  %  (Thirumalachar  el  al  1973).  Three  sprays  of  agricultural 
spray  oil  (1  %)  or  furadon  50  kg/ha  one  at  the  time  of  planting  reduced  the  leaf  curl 
incidence  and  increased  the  yields  (Sastry  et  al  1974,  1978b;  Singh  et  al  1975a,b). 
Furadon  was  proved  to  be  effective  in  reducing  the  incidence  of  leaf  curl  (Seetharama 
Reddy  and  Yaraguntaiah  1981b).  A  combined  treatment  of  nylon  net  covering  for 
tomato  nursery  beds  and  2-3  sprays  of  monocrotophos  or  dimethoate  or  cypermet- 
hrin  (fenom)  after  transplanting  in  the  field  was  effective  in  reducing  the  spread  of  leaf 
curl  in  tomato  (Muniyappa  and  Saikia  1983).  Incidence  of  leaf  curl  can  be  reduced  to  a 
certain  extent  by  planting  six  rows  of  either  sunhemp  or  maize  as  border  crops.  Border 
crop  combined  with  three  applications  of  dimethoate  (0-05  %)  as  foliar  spray  not  only 
reduced  the  incidence  of  leaf  curl  but  also  increased  the  yield  of  tomatoes  (Sastry  et  al 
1977). 


2.24    Cassava  mosaic 

The  disease  was  observed  in  Dakshina  Kannada  and  Kodagu  districts  of  Karnataka 
and  also  in  experimental  farm  of  GKVK  campus,  University  of  Agricultural  Sciences, 
Bangalore.  Young  infected  leaves  show  chlorotic  areas  and  mosaic  symptoms.  In 
severely  infected  plants  the  leaves  were  reduced  in  size,  distorted  and  deformed  and 
have  bright  yellow  areas  alternating  with  normal  green  areas.  The  causal  agent  was 
transmitted  by  whitefly  B.  tabaci  but  the  transmission  rate  was  very  low  (Muniyappa 
unpublished). 


2.25     Cowpea  mild  mottle  virus 

The  incidence  of  cowpea  mild  mottle  virus  (CMMV)  on  soybean  varied  from  0-25  %  to 
15-5  %  and  on  groundnut  it  was  less  than  1  %  (lizuka  et  al  1984  in  press;  Muniyappa  et 
al  1983a).  Infected  soybean  plants  showed  vein  clearing  and  vein  necrosis  of  leaves 
followed  by  downward  curling  of  leaves.  The  newly  emerged  leaves  showed  mosaic  and 
puckering  (lizuka  et  al  in  press;  Muniyappa  et  al  1983a).  Leaf  dip  and  purified 
preparations  from  peanut  and  soybean  showed  slightly  flexuous  rods  of  15nm 
diameter  with  a  modal  length  of  6 1 0  nm  (lizuka  et  al  1 984  in  press).  CMMV  was  shown  to 
be  transmitted  by  the  whitefly  B.  tabaci  in  a  non-persistent  manner.  Individual  adults 
of  B.  tabaci  acquired  CMMV  in  10  min  from  soybeans  and  transmitted  it  within  5  min  to 
soybeans.  Irrespective  of  the  length  of  acquisition,  CMMV  was  retained  by  the  adult 
whiteflies  for  four  successive  inoculation  access  periods  of  5  min  each.  Attempts  to 
detect  CMMV  by  enzyme-linked  immunosorbent  assay  in  adults  that  were  allowed 
acquisition  access  periods  of  1  to  8  hr  were  unsuccessful  (Muniyappa  and  Reddy  1983). 
CMMV  was  transmitted  by  mechanical  sap  inoculation.  Seed  transmission  in  soybean 
varied  from  0-5%  to  1-66%.  The  virus  has  been  transmitted  to  15  Leguminosae  and 
Chenopodiaceae  hosts  (lizuka  et  al  1984  in  press;  Muniyappa  et  al  1983a). 
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3.    Conclusions 

It  is  evident  that  whitefly  transmitted  diseases  are  economically  very  important  in 
several  crops  causing  great  loss  every  year  in  Karnataka.  Most  diseases  have  been 
described  based  on  symptoms,  host  range  and  transmission.  Only  horsegram  yellow 
mosaic  virus  and  cowpea  mild  mottle  virus  are  isolated  and  characterised  in  India. 
Except  these  two  viruses  the  causal  agents  of  other  whitefly  transmitted  diseases  are  not 
known.  Yellow  mosaics  occurring  on  bambara  groundnut,  french  bean,  groundnut, 
lima  bean,  mung  bean,  pigeonpea  and  soybean  are  all  caused  by  horsegram  yellow 
mosaic  virus.  This  would  open  new  possibilities  for  epidemiological  studies  and  testing 
varieties  for  resistance. 

An  accurate  information  is  required  on  the  loss  due  to  these  diseases.  There  is  a  need 
for  more  efficient  methods  of  disease  assessment.  Forecasts  of  very  serious  diseases  are 
also  required  so  that  insecticides  are  used  only  when  necessary  against  vectors. 
Information  on  migrating  vectors  and  the  timing,  magnitude,  distance  and  direction  of 
dispersal  is  essential  for  forecasting. 

Effective  control  measures  depend  on  a  thorough  knowledge  of  virus  epidemiology 
and  vector  ecology.  Effect  of  cropping  systems  on  virus  incidence  and  vector 
population  has  Urbe  understood  for  better  control. 

Relationships  of  whitefly  transmitted  diseases  in  different  geographical  regions  are 
not  known. 

The  above  cited  diseases  are  reported  to  be  transmitted  by  only  one  species  of 
whitefly  Bemisia  tabacL  There  may  be  other  whitefly  species  transmitting  the  agents  of 
these  diseases. 
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Some  entomogenous  fungal  infections  of  a  sporophagous 
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Abstract.  Nature  of  infection,  sites  of  localization  and  propagule  production  by 
Cunninghamella  echinulata  (Matruchot)  Thaxter,  Metarrhizium  anisopliae  (Metchnikoff) 
Sorokin,  and  Penicillium  Link  ex.  Gray,  on  Elaphrothrips  denticollis  (Bagnall),  a  sporophagous 
tubuliferan,  were  studied  using  a  scanning  electron  microscope. 

Keywords.  Elaphrothrips  denticollis;  entomogenous  fungi;  Cunninghamella  echinulata; 
Metarrhizium  anisopliae;  Penicillium  sp. 

1.  Introduction 

Information  relating  to  aspects  of  entomogenous  fungi  of  insect  vectors  and  pests  is 

extensive  (Steinhaus  1963),  while  studies  on  the  entomogenous  fungal  infections  of 

thrips  are  extremely  limited.  Available  literature  on  aspects  of  fungal  infections  of 

thrips  is  restricted  to  Alternaria  alternata  (Fr.)  Keissler  infecting  Thrips  flavus  Schrank; 

Cladosporium  cladosporoides  (Fresen)  de  Vries  infecfting  Microcephalothrips  ab- 

dominalis  (Crawford)  and  Thrips  flavus;  Trichothecium  roseum  Link  infecting  Thrips 

flavus,  Scirtothrips  dorsalis  Hood  and  Microcephalothrips  abdominalis  (Raizada  1976); 

Entomophthora  parvispora  MacLeod  &  Carl  infecting  Thrips  tabaci  Lindmann  (Carl 

1975;  MacLeod  et  al  1976),  and  Entomophthora  thripidum  Samson,  Ramakers  & 

Oswald  infecting  Thrips  tabaci  (Ramakers  1976,  1978;  Samson  et  al  1979).  Studies 

relating  to  the  nature  of  fungal  infections,  infection  sites,  localization  of  fungi  in  specific 

areas  and  their  spread,  nature  of  fungal  propagules  produced  in  vivo,  and  the 

behavioural  study  of  the  diseased  individuals  of  mycophagous  thrips  species  also  | 

appear  limited.  While  all  the  species  of  fungi  reported  as  entomogenous  on  thrips 

belong  to  the  class  Deuteromycetes,  the  recent  discovery  of  a  species  of  Cunninghamella 

Matr.,  a  zygomycete,  infecting  mycophagous  thrips  appears  to  be  of  interest.  An  attempt 

has  therefore  been  made  to  study  the  entomogenous  fungal  infections  of  Elaphrothrips 

denticollis  (Bagnall),  a  mycophagous  species  generally  found  associated  with  fungi  on 

drying  leaves  in  arecanut  plantations  and  feeding  on  fungi  such  as  Pestalotia  de  Not 

and  Phomopsis  tectonae  Tiwari,  Rajak  and  Nikhra.  In  view  of  the  potential  of  this 

species  to  act  as  a  vector  of  some  of  the  plant  pathogenic  fungi  in  forest  areas  (Suresh 

and  Ananthakrishn^n  1983),  an  understanding  of  the  association  of  entomogenous 

fungi  with  this  species  appears  significant. 

2.  Material  and  methods 

Larvae  and  adults  of  E.  denticollis  infected  by  entomogenous  fungi/nematodes  were 
collected  from  drying  and  decaying  fallen  leaves  of  Areca  catechu.  Infected  and  dead 
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individuals  (due  to  infection)  were  incubated,  in  aerated  plastic  vials  humidified  with 
wet  Whatman  1  filter  paper  discs,  at  20°C  Both  dead  and  live  infected  individuals  were 
fixed  in  70  %  alcohol,  transferred  to  absolute  alcohol,  incubated  for  24  hr  and  then  air- 
dried.  The  air-dried  specimens  were  then  teased  and  mounted  on  aluminium  stubs 
using  a  double  adhesive  tape  and  coated  with  gold  using  an  ion  coater.  Observations 
were  made  on  the  fungal  ramifications  and  nematode  infections  and  photographed, 
using  a  Hitachi  scanning  electron  microscope. 


3.    Results  and  discussion 

In  screening  for  bio-control  agents  of  thrips  such  as  entomogenous  fungi  and 
nematodes,  an  assessment  was  made  of  the  degree  of  infection  and  incidental  mortality 
of  E.  denticollis  (a  sporophagous  tubuliferan  feeding  on  Pestalotia  sp.,  which  causes  leaf 
spot  diseases,  and  incidental  vector  of  this  fungus)  due  to  entomogenous  fungi  and 
nematode  infestation.  Large  number  of  individuals  of  this  thrips  species  were  collected 
from  drying  and.  decaying  fallen  leaves  in  arecanut  plantations  at  an  altitude  of 
1 67-74  m  .(mean  temperature  28-30°C  and  90%  RH)  in  Western  Ghats.  Careful 
observations  of  every  individual  instar  and  adult  revealed  entomogenous  fungal 
infections.  Infected  individuals  were  sluggish,  getting  confined  to  a  particular  spot  and 
dying  after  24  hr.  SEM  observations  revealed  the  presence  of  fungal  colonization  in  the 
haemocoel  of  the  live  insects,  while  luxuriant  fungal  growth  was  evident  in  the  dead 
ones.  Analysis  of  fungi  in  infected  individuals  revealed  the  presence  of  Cunninghamella 
echinulata  (Matruchot)  Thaxter,  (Mucorales:  Zygomycetes),  Metarrhizium  anisopliae 
(Metchnikoff )  Sorokin  (Moniliales:  Deuteromycetes)  and  Penidllium  Link  ex  Gray 
(Moniliales:  Deuteromycetes).  All  three  species  of  this  fungi  individually  infected  the 
insect  and  were  not  found  together  in  the  same  individual. 

C.  echinulata  is  of  interest  as  there  are  no  earlier  reports  on  its  being  entomogenous 
on  thrips.  Observations  on  the  nature  of  infection  and  colonization  revealed  the 
presence  of  fungal  mats  in  the  entire  haemocoel,  and  also  external  extensive 
ramification.  Live  individuals  when  analysed  revealed  mycelial  growth  and  the  presence 
of  sporangioles  and  conidia  on  the  surface  (figure  1  D)  while  dissected  individuals 
showed  profound  mycelial  growth  and  presence  of  zygospores  in  the  haemocoel  and 
sporangioles  and  large  numbers  of  conidia  on  the  surface  of  the  body  (figures  1A  and 
B).  Metarrhizium  anisopliae  also  attacks  a  wide  variety  of  insects.  Individuals  of  E. 
denticollis  infected  by  this  fungus  showed  the  aforesaid  symptoms.  The  fungus  ramified 
the  body  cavity  and  was  also  localised  externally  around  the  compound  eye  region, 
producing  chains  of  catenulate  conidia  on  conidiophores  (figure  1  C).  Screening  for 
entomogenous  fungi  also  revealed  the  infection  of  live  individuals  of  E.  denticollis  as 
due  to  a  species  of  Penidllium  which  grew  luxuriantly  after  the  death  of  individuals 
indicating  its  efficient  parasitic  and  saprophytic  abilities.  Chains  of  conidia  were 
produced  externally  in  large  numbers  on  the  body  surface.  It  may  not  be  out  of  place  to 
indicate  that  Cunninghamella  echinulata  infected  also  the  mermithid  nematode, 
Mermis  sp.,  inside  the  body  cavity  of  E.  denticollis.  Hyphal  outgrowths  were  noticed  in 
•-  the  infected  nematodes  found  entangled  in  the  haemocoel  ramified  by  the  fungus 
(figures  IE  and  F). 


Entomogenous  fungi  infecting  Elaphrothrips  denticollis 
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Figure  1.  A-F.  A.  Body  cavity  of  a  larva  of  E.  denticollis  ramified  by  the  fungus  C. 
echinulata.  B.  A  zygospore  of  C.  echinulata  in  the  body  cavity  of  E.  denticollis.  C.  Localised 
growth  of  hyphae  and  conidial  production  of  M.  anisopliae  in  and  around  the  compound  eye 
region.  D.  Sporangioles  and  conidia  of  C.  echinulata  on  the  body  surface  of  E.  denticollis. 

E.  Mermis  sp.  in  the  body  cavity  of  £.  denticollis  entangled  with  the  mycelium  of  C.  echinulata. 

F.  Hyphal  outgrowths  of  C.  echinulata  from  the  body  of  Mermis  sp. 

4.     Conclusion 

Commonplace  occurrence  of  entomogenous  fungi  like  C.  echinulata,  M.  anisopliae  and 
Penicillium  sp.,  appears  to  sufficiently  indicate  the  potential  of  these  fungi  in  possible 
control  of  thrips. 
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Abstract.  Parabolic  equations  describing  the  body  length-body  weight  relationships  in  31 1 
Labeo  dero  (Ham.)  are  determined.  The  differences  between  regression  coefficients  of  the  two 
sexes  and  length  classes  were  highly  significant.  The  difference  between  regression  coefficients 
of  the  two  length  classes  was  significant  at  5  %  level. 

Keywords.  Parabolic  equations;  coefficient  of  determination;  heterogeneity;  correlated 
variance;  allometric. 


1.     Introduction 

Labeo  dero  (Ham.)  is  of  immense  economic  value  in  the  Garhwal  region  and  is  found 
almost  throughout  the  year  in  the  rivers  Khoh,  Nayar,  Bhagirathi  and  Alaknanda  of  the 
Himalayan  riverine  ecosystems.  Earlier  works  by  Hora  and  Mukherjee  (1936),  Lai  and 
Chatterjee  (1962),  Singh  (1964)  and  Grover  (1971)  included  only  faunistic  studies,  brief 
biological  notes  etc.  The  length-weight  relationship  in  fish  is  of  primary  importance, 
among  other  things,  in  the  precise  assessment  of  the  viability  of  fish  stock  under 
different  geographical  conditions.  The  general  concept  of  length- weight  relationship  is 
that  the  weight  of  fish  varies  as  the  cube  of  its  length.  But  as  the  specific  gravity  and 
shape  or  body  outline  of  the  fish  is  subjected  to  changes,  the  cube  law  need  not  always 
hold  good  (Rounsefell  and  Everhart  1953).  Nevertheless,  most  workers  have  failed  to 
report  statistical  significance  of  the  departures  from  cubic  relationship  that  they  had 
recorded  in  such  studies.  This  aspect  has  been  considered  in  the  present  account  of  the 
length-weight  relationship  of  L.  dero  in  the  Himalayan  riverine  ecosystem  (650  mASL). 
The  present  investigation  is  aimed  at  getting  more  information  on  the  general  biology 
of  this  fish  at  higher  altitudes  and  is  part  of  an  investigation  into  the  biology  and  fishery 
of  hill-stream  fishes,  results  of  certain  aspects  of  which  have  already  been  published 
earlier  (Malhotra  et  al  1980a,  b;  Chauhan  and  Malhotra  1981;  Chauhan  et  al  1981; 
Malhotra  198 la,  b,  1982). 


2.     Materials  and  methods 

Three  hundred  and  eleven  L.  dero*  (5-3-64  cm  in  length)  were  studied.  The  methods  of 
collection  of  fish  samples  at  650  mASL  and  their  analysis  were  reported  earlier 


*  sex  of  10  fishes  could  not  be  ascertained. 
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(Malhotfa  1981a;  Chauhan  et  al  1981).  The  length-weight  relationship  was  estimated 
using  the  formula,  W  =  &Ln  where  W  is  the  weight,  L  the  body  length,  and  a  and  n  are 
constants.  Logarithmic  transformation  of  the  equation  may  be  written  as 

logPF  =  loga  +  nlogL 

where,  log  W  is  the  dependent  variable  (y\  logL  the  independent  variable  (x),  n  the 
regression  coefficient  or  slope  (b\  and  log  a  the  y-intercept.  Analysis  of  co variance,  Mest 
(Snedecor  and  Cochran  1967),  coefficient  of  determination  (r2)  (Croxton  1953),  values 
of  the  least  squares  regression  slopes  and  the  proportion  of  correlated  variance  (p2) 
(Zeller  and  Carmines  1978)  were  computed. 


3.    Results 

The  morphological  parameters  of  the  fish  including  body  weight  are  given  in  table  1. 

3.1     Estimated  regressions 

An  initial  assessment  of  the  sex  revealed  that  the  same  equation  would  not  fit  the  data 
for  the  entire  length  range  and  break  occurred  between  the  <  17  cm  and  >  17-1  cm 
classes.  Separate  parabolic  equations  and  linear  regressions  were,  therefore,  computed 
for  different  groups  as  mentioned  in  table  2.  The  significance  of  the  differences  between 
the  regression  coefficients  was  tested  by  the  method  of  analysis  of  covariance.  The 

Table  1.    Mean  values  of  non-meristic  characters  of  Labeo  dero  (Ham.). 

Mean  ±  SE 


Category 

Sample 
size 

Total  length 
(cm) 

Standard  length 
(cm) 

Body  weight 
(g) 

TL/SL  ratio 

Female 

155 

23-8078  ±0-7  108 

19-3426  ±0-5862 

237-7484  ±33-6577 

1-2308  ±043  10 

Male 

146 

21-7593  ±0-6011 

17-5548  +  0-5428 

151-0616  ±20-4487 

1-2395  ±0-0534 

Pooled 

311 

22-7058  ±04555 

184199  +  0-3914 

190-9839  +  19-5298 

1-2327  +  0-0303 

<  17cm 

178 

14-4596  ±0-1803 

14-1020  ±0-31  16 

73-3539  ±  24755 

1-0254  ±0-0102 

>  17-1  cm 

133 

24-3619  ±04804 

23-8638  ±0-6426 

346-3358  ±41-7160 

1-0209  ±0-0241 

Category 


Table  2.    Regression  equations  describing  length-weight  re- 
lationship in  Labeo  dero  (Ham.). 


Logarithmic  equations 


Parabolic  equations 


Female  log  W=T9030  +  24905  log  L 

Male  log  W=!:5083  +  2-0101  log  L 

Pooled  log  W =1-6961  +  2-2377  log  L 

<  17    cm  log  J*'=~6:5980  + 1-3281  log  L 

>  17-1  cm  log  W =195(4  +  3-9512  log  L 


W- 0-001 25  L2'4905 
W=  0-003102  L2'0101 
W=  0-002013  L2'2377 
W=  0-252348  L1'3821 
^=0-001 106  L3'9512 
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Table  3.    Analysis  of  covariance  between  the  regression  coefficients  (b)  for  Labeo  dero  (Ham.). 


N 

<  17cm 
178 

>  17-1  cm 
133 

Female 
155 

Male 
146 

Pooled 
311 

S(X-X)2 

3-0130 

3-8586 

3-8756 

3-7959 

4-1706 

I(7~F)2 

5-2868 

7-4972 

7-4356 

6-9500 

7-5669 

i.(x-x)(: 

Y-Y) 

3-7522 

5-5781 

5-6051 

5-2268 

5-7428 

bI,(X-X)(Y-Y) 

5-1859 

22-0402 

13-9595 

10-5064 

11-4150 

P2 

0-1602 

0-6363 

0-7924 

0-5100 

0-5597 

r2 

0-1597 

0-6372 

0-7221 

0-5075 

0-5595 

p2  =  Proportion  of  correlated  variance;  r2  =  Coefficient  of  determination;  N  =  Number  of  observations. 

relevant  data  are  given  in  table  3.  The  test  for  heterogeneity  of  the  regressions  is  given 
below: 


Source  of  variation 

df 

Sum  of  squares 

Mean  square 

F 

Deviation     from     average     total 

612 

0-554959 

regression 

Deviation  from  individual 
regression  within  samples 

609 

0-533458 

0-000875957 

— 

Difference 

3 

0-021501 

0-007167 

8-182 

=3-83 


The  differences  between  regression  coefficients  were  significant  at  1  %  level 
The  test  of  heterogeneity  was  again  performed  for  the  two  sexes  (within  and  with 
each  of  the  two  length  classes)  and  for  the  two  length  classes  (within)  as  shown  below: 


F 

FI% 

FS% 

Degree  of 

freedom 

Between  male  and  female  fishes 

0-12 

6-76 

3-89 

1;300 

Between  <  17  and  >  17-1  cm 

3-90 

6-70 

3-86 

1;310 

Between  sexes  and  <  17  cm 

14-065 

4-66 

3-02 

2;  477 

Between  sexes  and  >  17.1  cm 

51-143 

4-66 

3-02 

2;  432 

It  is  seen  that  the  differences  between  the  regression  coefficients  of  the  last  three 
groups  were  significant  at  different  levels  while  the  difference  within  sexes  was  not 
significant  at  5  %  level. 

On  application  of  student's  Mest  the  regression  coefficients  of  the  sexes,  <  17  and 
>  17-1  cm  length  classes  were  significantly  different  from  3  at  1  %  level.  The  results  are 
given  below: 


Length  class  (cm) 

6-3 

t 

Degree  of  freedom 

fi% 

<  17 
>  17-1 
Sexes 

-1-6179 
0-9512 
-0-7497 

-18-855 
3-819 
-4-414 

176 
131 
299 

2-58 
2-62 
2-58 
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A  comparison  of  the  regression  lines  of  the  length-weight  relationship  of  L.  dero  has 
been  presented  in  table  4.  According  to  the  standardized  least  squares  linear  regression 
line,  for  each  standard  unit  of  length,  the  fish  gained  0-8482-0-9343;  0-7124-0-7159; 
0-7480-0-7483;  0-3996-0-4009;  and  0-7880-0-8075  of  a  standard  unit  of  weight  for 
females,  males,  pooled,  <  17  cm  and  >  17-1  cm  length  classes  of  L.  dero,  respectively. 

A  plot  of  log  W  (mean  values)  vs  log  L  (mean  values  in  <  17  and  >  17-1  cm  length 
classes  at  5  cm  class  interval)  in  311  fish,  the  linear  regressions  for  separate  groups  and 
pooled  data  are  shown  in  figure  1. 


Table  4.    Comparison  of  the  regression  lines  of  length-weight  relationship  of  Labeo  dcro 
(Ham.). 


Variance 

Standardized  least 
squares  regression 
slope  predicting 

Sample. 

size 

Length 

Weight 

Covariance 

X  from  Y 

Y  from  X 

(P  <  0-001) 

Female 

155 

1-6852 

5-2453 

3-4148 

0-8482 

0-9343 

0-8498 

Male 

146 

1-6316 

4-7857 

3-0624 

0-7124 

0-7159 

0-7124 

Pooled 

311 

1-6779 

5-0742 

3-2500 

0-7480 

0-7483 

0-7480 

<  17    cm 

178 

0-7625 

3-0364 

1-5018 

0-4009 

0-3996 

0-3996 

>  17-1  cm 

133 

1-7315 

5-3701 

3-4543 

0-7880 

0-8075 

0-7982 

3.5 


3.0 


2.5 


X 
O  2.0 


1.5 


1.0 


0.5 


0     ' 


1.0 

LOG    LENGTH 


Figure  I.    Length-weight  relationship  of  Labeo  dero  (Ham.). 
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4.    Discussion 

Earlier  workers  (Menon  1952;  Chauhan  and  Ramakrishna  1953;  Srivastava  1968; 
Sultan  and  Shamsi  1981),  recorded  different  morphometric  characters  in  various  fish. 
However,  in  the  present  investigation  no  major  differences  were  found  in  the  ratio 
values  of  total  vis  a  vis  standard  length  of  L.  dew. 

There  was  a  highly  significant  correlation  (P  < 0*001)  of  length-weight  for  female, 
male,  pooled,  <  17  cm  and  >  17-1  cm  length  classes  (table  4).  Based  on  the  coefficient 
of  determination  (r2)  (Croxton  1953),  more  than  72%  of  the  variation  in  weight  in 
females,  50%  in  males,  55%  in  pooled,  and  63%  in  >  17- 1cm  length  class  was 
attributable  to  the  variation  in  the  length  of  L.  dero.  However,  only  15-97%  of  the 
variation  in  weight  in  <  17  cm  class  was  attributable  to  the  variation  in  length  offish. 
Similarly  the  proportion  of  correlated  variance  (p2)  suggests  that  79-2443  %  variance  in 
length  in  female  fish,  50-9965  %  in  males,  55-9702  %  in  sexes  pooled,  and  63-6285  %  in 
fish  of  >  17-1  cm  class  was  associated  with  weight  while  only  16-0174%  variance  in 
length  in  fish  of  <  17  cm  class  was  associated  with  weight. 

The  fish  of  larger  length  class  ( >  17-1  cm)  showed  higher  regression  coefficient  value 
(b  =  2-9564)  than  the  smaller  ones  viz  <  17  cm  (b  =  0-5980)  further  supporting  similar 
observations  of  Malhotra  (1982)  on  Tor  tor  (Ham.)  in  Garhwal  Himalayas.  The  authors 
agree  with  the  partial  explanation  offered  by  Sekharan  (1968)  in  Sardinella  spp.  that 
such  a  difference  in  the  regression  coefficient  values  could  be  due  to  a  relatively  rapid 
change  in  the  body  outline  of  the  fish.  In  the  present  study,  size  groups  >  17-1  cm 
increase  in  length  more  rapidly  than  those  of  smaller  length  classes  (<  17cm).  This  is 
also  supported  by  the  present  results  based  on  proportion  of  correlated  variance  and 
coefficient  of  determination.  Both  these  parameters  indicate  remarkable  association 
(50-80  %)  between  degree  of  variance  in  fish  weight  and  variation  in  fish  length  in  larger 
fish  (>  17-1  cm)  than  smaller  ones  (<  17cm)  where  this  association  showed  poor 
agreement  (i.e.  <  20%).  Hart  (1946)  indicated  an  increase  in  fish  length  after  the 
attainment  of  sexual  maturity.  According  to  the  observations  of  the  authors  on  the  state 
of  maturity  and  breeding  most  specimens  of  L.  dero  attained  maturity  when  the  average 
fish  size  was  around  17  cm.  Hence  the  remarkably  higher  value  of  linear  regression 
coefficient  (b  =  2-9564)  in  fish  of  >  17-1  cm  appears  to  have  a  correlation  with  the 
maturity  state  of  fish. 

As  a  depends  upon  the  obesity  of  the  fish  (LeCren  1951),  by  comparing  the  log  a 
values  it  is  evident  that  the  general  fatness  in  the  two  sexes  shows  no  significant 
difference  (Fim  =  0*12)  in  the  present  study  like  those  reported  by  Misu  (1964), 
Narasimham  (1970),  Mojumdar  (1971),  Vinci  and  Nair  (1974),  and  Malhotra  (1982). 
The  difference  in  general  fatness  of  size  classes  was  significant  (F1;310  =  3-90).  The 
regression  for  pooled  lot  was  calculated.  The  n  values  (2-2377)  indicate  that  the  growth 
rate  is  lesser  than  the  cube  length.  Similar  deviations  were  reported  earlier  by 
Krishnamoorthi  (1971),  Mojumdar  (1971),  Vinci  and  Nair  (1974),  Qadri  and  Mir 
(1980),  Sultan  (1981),  and  Malhotra  (1982).  Significant  departures  of  the  regression 
coefficients  from  the  isometric  growth  value  have  been  reported  by  Narasimham  (1970), 
Vinci  and  Nair  (1974),  Qadri  and  Mir  (1980),  and  Malhotra  (1982).  This  departure  in 
the  present  study  was  significant  at  1  %  level  for  both  the  sexes  and  length  classes.  The 
preferability  of  the  exponential  formula  W  =  aU  used  in  the  present  analysis  over  the 
cubic  formula  W  =  CL3  (W  =  weight,  L  =  length,  and  C  =  constant)  has  been  justified 
in  earlier  studies  (LeCren  1951;  Sekharan  1968;  Eggleston  1970;  Narasimham  1970; 


416  Sandeep  K  Malhotra  and  R  S  Chauhan 

Krishnamoorthi  1971;  Mojumdar  1971;  Vinci  and  Nair  1974;  Qadri  and  Mir  1980). 
Beverton  and  Holt  (1957)  discussed  the  merit  of  both  allometric  and  cubic  formula  and 
remarked  that  the  former  worked  much  better  since  a  and  n  of  allometric  formula 
varied  within  a  wide  range  for  very  similar  data  and  are  very  sensitive  to  even  quite 
unimportant  variations  in  n.  Hence  in  the  present  investigation  high  values  of 
coefficient  of  correlation  indicates  that  allometric  relationship  of  length  and  weight  is 
suitable  for  the  fish. 

This  paper  is  part  of  D.Sc.  thesis  of  S  K  Malhotra  submitted  to  the  University  of 
Garhwal,  Srinagar. 
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Abstract.  Ecology  of  biofouling  on  the  edible  estuarine  oyster  Crassostrea  madrasensis 
(Preston)  has  been  investigated  in  the  Ashtamudi  Backwater  of  the  southwest  coast  of  India. 
Fouling  was  highly  conspicuous  throughout  the  year  and  dominant  groups  included 
barnacles,  serpulids,  bryozoans  and  modiolids.  Intensity  of  fouling  varied  from  73  to  179  %  on 
living  oyster  valves  and  65  to  172  %  on  dead  valves  with  respective  annual  averages  of  1 1 8  and 
127%.  Substrate  selection  and  settlement  of  the  different  groups  were  mostly  opportunistic. 
Barnacles  were  the  most  dominant,  living  and  dead  ones  collectively  contributing  to  about 
26  %  of  fouling  on  living  valves  and  32  %  on  dead  valves.  Serpulid  fouling  was  22  %  both  on 
living  and  dead  oyster  valves,  bryozoans  15  and  12%,  modiolids  11  and  12%  and  the 
miscellaneous  groups  formed  27  and  20%  respectively.  Availability  of  free  settling  space  and 
fouling  in  relation  to  substrate  size  were  also  investigated.  Total  fouling  was  very  intense  on 
oysters  of  25-35  cm2  size  group.  Impact  of  biofouling  on  oysters  and  certain  earlier  studies  on 
the  topic  are  discussed. 

Keywords.    Biofouling;  ecology;  intensity;  barnacles;  Crassostrea  madrasensis. 


1.     Introduction 

Considerable  attention  has  been  paid  to  study  some  aspects  of  marine  fouling  in 
Indian  coastal  waters  (Antony  Raja  1959;  Balasubramanian  and  Nair  1970;  Daniel 
1954;  Dharmaraj  and  Nair  1981;  Ganapati  et  al  1958;  Karande  1968;  Menon  and  Nair 
1971;  Menon  et  al  1977;  Nair  1965;  Paul  1942;  Santhakumari  and  Nair  1975; 
Renganathan  et  al  \  982).  Most  of  these  studies  were  directed  at  determining  the  nature, 
composition  and  dynamics  of  marine  fouling  on  artificially  exposed  objects  such  as 
coastal  installations,  navigational  structures,  fishing  and  sailing  vessels  etc.  Considering 
the  huge  economic  loss  being  incurred  in  the  utility  and  maintenance  of  these  objects 
due  to  the  impediments  caused  by  fouling,  attempts  have  been  made  to  formulate 
preventive  measures.  Calcareous  valves  of  commercially  important  and  cultivable 
molluscs  such  as  the  oysters  and  mussels  are  also  severely  fouled  by  a  large  number  of 
invertebrates  causing  severe  detriments  to  the  host  and  hindrances  to  culture 
operations  and  post  harvest  cleaning  techniques  (Yonge  1966;  Mason  1976;  Nickolic 
and  Alfonso  1970;  Alagarswami  and  Chellam  1976;  Bwothondi  and  Ngoile  1982). 

In  the  backwaters  and  estuaries  of  India  wherever  suitable  habitats  are  available,  the 
edible  estuarine  oyster  Crassostrea  madrasensis  occurs  and  it  is  exploited  both  for  food 
and  lime  industry.  C.  madrasensis  is  easily  cultivable  with  economic  feasibility.  No 
comprehensive  attempt  has  so  far  been  made  to  study  the  nature  and  composition  of 
biofouling  on  edible  oysters  in  Indian  waters.  Therefore,  with  a  view  to  gathering 
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basic  information,  certain  aspects  of  the  ecology  of  biofouling  on  C.  madrasensis  in  the 
Ashtamudi  backwater,  southwest  coast  of  India  has  been  investigated  for  one  year  and 
the  results  are  reported  here. 


2.     Materials  and  methods 

Oysters  were  collected  from  the  central  portion  of  the  Ashtamudi  Backwater  (Lat. 
8°53'N-9°02'N;  Long.  76°3rE-76°41'E)  at  random  during  each  fortnight  for  one  year, 
June  1980  to  May  1981.  Depth  at  the  collecting  site  varied  from  1-5  to  3  m  and  the 
bottom  consisted  of  laterite  blocks  of  varying  sizes  together  with  a  mixture  of  silt  and 
mud.  Important  hydrographical  parameters  were  determined  according  to  standard 
procedures  (Nair  et  al  1983).  Oysters  were  gently  washed  in  2%  formalin  to  separate 
free-living  associated  fauna  and  none  of  the  attached  fouling  organisms  including  mud 
tubes  of  certain  polychaetes,  amphipods  etc  was  allowed  to  detach.  Upper  valves  (right) 
of  both  living  and  dead  oysters  were  thoroughly  examined  to  obtain  a  quantitative 
picture  of  biofouling  by  different  groups  of  organisms.  Mud  tube  dwelling  forms,  algae 
and  unidentifiable  fouling  were  treated  as  miscellaneous.  In  the  case  of  barnacles,  living 
and  dead  ones  were  separately  treated. 

Quantitative  picture  of  the  total  fouled  space  and  space  occupied  by  different  groups 
of  organisms  was  obtained  by  'dots  method'  adapted  from  random  point  sampling 
system  (Shin  1981;  Sutherland  1977)  as  explained  below.  On  a  square  glass  plate,  100  cm2 
area  was  uniformly  marked  with  400  minute  black  dots  at  intervals  of  0-5  cm.  A  space 
value  of  0-25  cm2  occupies  each  dot.  Right  valves  of  the  oysters  were  placed  in  a  tray 
exposing  the  fouled  outer  face  upward.  The  dotted  glass  plate  was  aimlessly  placed  on 
the  tray  and  by  looking  straight  on  the  valve  through  the  plate,  the  total  number  of  dots 
over  the  valve  and  above  each  distinguishable  group  or  species  of  fouling  organisms 
were  counted.  Countings  were  repeated  4  to  5  times  on  each  valve  changing  the  position 
of  the  plate  at  random,  however,  ascertaining  that  the  valve  lies  within  the  dotted  area 
invariably.  The  average  number  of  dots  occupied  by  different  groups  of  biofoulers  and 
by  the  valve  were  converted  to  area  by  multiplying  with  0-25.  Right  valves  of  not  less 
than  5  living  oysters  and  5  dead  oysters  were  examined  during  every  fortnight  and 
monthly  averages  were  calculated.  Clean  settling  space  whenever  available  on  the  valves 
was  also  quantified. 

The  intensity  of  fouling  ( %)  was  calculated  as  100  x  the  total  fouled  space/ the  size  of 
the  valve  and  the  intensity  of  fouling  by  different  groups  of  organisms  as  100  x  the 
space  occupied  by  a  particular  group/the  total  fouled  area. 


3.    Results 

3.1     Environmental  conditions 

Ashtamudi  Backwater,  one  of  the  largest  among  the  estuarine  systems  of  the  southwest 
coast  of  India  covers  approximately  32  km2  area  with  brackish  water  in  southern 
Kerala.  It  has  a  permanent  connection  with  the  adjoining  Arabian  Sea  on  the  west  and 
the  Kallada  River  originating  from  the  Western  Ghats  empties  into  the  backwater  at 
the  northeastern  side.  The  backwater  is  bordered  in  certain  localities  by  laterite  cliffs 
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and  in  other  portions  by  coconut  plantations  on  reclaimed  land.  The  floor  is  covered 
with  sediments  of  seasonally  and  regionally  varying  physico-chemical  composition,  and 
laterite  blocks  of  different  sizes  and  shapes.  Accounts  on  the  productivity,  hydrography, 
sediment  chemistry  and  other  aspects  of  this  backwater  ecosystem  have  been  published 
recently  (Nair  et  al  1983,  1984;  Dharmaraj  and  Nair  1979,  1981,  1981a). 

Important  hydrographic  data  pertaining  to  the  bottom  water  of  the  station  from 
where  oysters  were  collected  are  presented  in  table  1 .  Transparency  of  the  water  column 
also  is  included.  Salinity  varied  considerably  from  11-1  to  27-5  x  10~3.  It  was  relatively 
low  from  July  to  October  and  high  from  December  to  May.  Temperature  ranged 
between  28  and  31-8°C  and  pH  between  7-35  and  8-10,  Seasonal  changes  were  small  in 
the  case  of  temperature  and  pH  but  dissolved  oxygen  content  varied  from  0  to 
7-4  ml  litre" 1.  Although  on  two  occasions  dissolved  oxygen  could  not  be  detected,  fairly 
high  values  were  recorded  during  a  major  part  of  the  year.  Water  was  relatively  turbid 
from  the  second  fortnight  of  April  to  September  with  considerable  fluctuations. 
Transparency  was  high  from  December  to  April. 


Table  1.    Fortnightly  variations  of  relevant  hydrographical  parameters  at  the  study  site. 


Parameters 


Period 

Salinity 
(10~3) 

Temp 

pH  value 

Dissolved 
oxygen  (ml/1) 

Transpa- 
rency (cm) 

June  1980 

25-1 
18-1 

31-5 
30-3 

7-8 
7-8 

6-0 
6-0 

68-5 

72 

July 

11-1 
14-1 

29-0 
28-6 

74 
7-9 

4-0 
44 

44-8 

53 

August 

13-5 
13-0 

28-0 
28-5 

7-8 
7-7 

4-5 
44 

114 

73-5 

September 

13-6 
13-8 

294 
304 

7-7 
7-6 

6-2 
0-0 

123 
95 

October 

12-2 
'  13-3 

30-5 
30-6 

7-5 
74 

0-0 
5-1 

125 
108 

November 

23-5 
19-6 

30-2 
29-8 

74 
7-8 

5-5 

5-7 

127 
86 

December 

23-5 
24-9 

30-8 
30-2 

7-5 

7-7 

74 
4-3 

122 
147 

January  1981 

23-1 
24-0 

29-6 
294 

7-9 
8-1 

4-3 
4-5 

200 
203 

February 

27-0 
27-5 

30-3 
30-0 

8-0 

7-8 

5-1 
3-6 

219 
180 

March 

27-3 
27-5 

314 
314 

8-0 

7-8 

5-2 
5-2 

152 
197 

April 

27-5 
26-8 

31-8 
30-2 

7-9 
8-0 

64 
4-5 

125 
98 

May 

27-0 
27-3 

31-6 
31-0 

7-9 
7-9 

4.9 

5-3 

96 

108 
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3.2     Components  of  biofouling 

Sedentary  fouling  organisms  dominant  on  oyster  valves  were  barnacles,  serpulids, 
bryozoans,  modiolids  and  less  important  groups  such  as  sponges,  hydroids,  other 
crustaceans,  algae  etc.  Barnacles  were  represented  by  only  one  species  namely  Balanus 
amphitrite  communis.  Serpulids  consisted  of  3  species  of  tube  worms  such  as  Mercierella 
enigmaticus,  Ficopomatus  macrodon  and  Pomatoleios  sp.  Bryozoans  were  represented  by 
Electra  crustulenta,  Victorella  pavida,  Schizoporella  cochinensis,  Bowerbankia  sp  and  a 
few  as  yet  unidentified  forms.  Modiolus  plumicens,  Modiolus  carvolhoi  and  Musculista 
arcuatula  represented  the  mussels.  Miscellaneous  group  of  foulers  consisted  mostly  of 
mud  tube  dwelling  species  such  as  the  amphipod  Corophium  triaenonyx,  the  tanaid 
Tanais  estuarius  and  polychaetes  such  as  Pectinaria  sp  and  Polydora  ciliata.  A  large 
number  of  species  of  epibenthic  algae,  hydroids  including  Halocordyle  disticha, 
Ectopleura  sp  and  others,  sea  anemones  and  sponges  were  also  treated  as  miscellaneous. 
Several  species  of  associated  errant  organisms  such  as  isopods,  amphipods,  poly- 
chaetes, flat  worms,  crabs,  shrimps  etc  were  isolated  from  the  oyster  biocoenosis  an 
account  of  which  will  be  published  later. 


3.3    Fouling  intensity 

Average  fouling  intensity  on  living  oyster  valves  was  118  %  in  a  range  of  73  to  179  % 
(figure  1).  The  same  on  dead  valves  was  127  %  in  a  range  of  65  to  172  %  (figure  1).  Very 
little  difference  was  discernible  between  intensities  of  fouling  on  dead  and  living  valves 
which  was  not  higher  than  the  variations  between  individual  valves  of  any  one  of  the 
categories.  This  suggests  that  substrate  selection  and  settlement  by  different  groups  of 
fouling  organisms  are  mostly  opportunistic.  Fouling  intensity  on  both  living  and  dead 
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Figure  1.    Monthly  variations  on  the  intensity  of  biofouling. 
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oyster  valves  was  in  general  low  during  the  first  half  of  the  study  period  when  the 
salinity  of  the  ambient  water  was  low  and  highly  fluctuating.  Intensities  were,  however, 
below  100%  only  during  June,  August  and  September.  During  this  period  other 
ecological  parameters  also  fluctuated  widely. 


3.4     Nature  of  biof anting  by  different  groups  of  organisms 

Among  the  different  groups  of  foulers  encountered  and  individually  considered, 
barnacles  were  by  far  the  most  important,  living  and  dead  ones  collectively  contributing 
to  nearly  26  %  of  the  biofouling  on  living  valves  and  32  %  on  dead  valves  (figure  2). 
Throughout  the  year  living  and  dead  barnacles  were  discernible  on  both  living  and  dead 
valves  (tables  2  and  3)  although  certain  individual  valves  did  not  harbour  any  barnacle 
at  all.  Barnacles  apparently  exhibited  a  selective  tendency  to  foul  dead  valves  more 
intensively  than  the  living  ones.  Incidence  of  dead  barnacles  was  about  6  %  higher  than 


Figure  2.    Annual  average  fouling  intensities  of  different  groups  of  organisms  on  living  oyster 
valves  (A)  and  on  dead  valves  (B). 
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that  of  living  barnacles.  Adverse  ecological  conditions,  therefore,  have  little  influence 
on  fouling  by  barnacles  although  these  would  have  definite  influence  on  the  initial 
settlement  of  the  larvae.  Once  established  on  the  substratum  barnacles  are  a  serious 
problem  in  the  tropics  to  oysters.  Fouling  intensity  by  living  barnacles  averaged  12% 
on  living  valves  and  14  %  on  dead  valves.  Incidence  of  empty  barnacle  tests  averaged 
14  %  on  living  valves  and  18  %  on  dead  valves.  Maximum  intensity  of  fouling  by  living 
barnacles  on  living  valves  was  recorded  during  March  and  June  and  the  minimum 
during  November  (table  2).  On  living  valves  occurrence  of  dead  barnacle  tests  was 
lowest  during  November  and  highest  during  August.  Fouling  by  living  barnacles  on 
dead  valves  was  lowest  during  November  and  highest  during  August.  Incidence  of  dead 
barnacles  on  dead  valves  was  also  lowest  during  November  and  highest  during  July 
(table  3).  All  these  suggest  that  barnacle  fouling  was  low  during  November,  i.e.  the 
northeast  monsoon  period  and  highest  during  the  summer. 

Table  2.    Intensity  of  fouling  (%)  by  different  groups  of  organisms  on  living  valves. 

Fouling  organisms 


Period  of 
observation 

Living 
barnacles 

Dead 
barnacles 

Serpu- 
lids 

Bryo- 
zoans 

Modio- 
lids 

Miscell- 
aneous 

June  1980 

18 

13 

27 

3 

3 

36 

July 

11 

23 

30 

7 

3 

27 

August 

13 

24 

12 

24 

2 

25 

September 

9 

9 

24 

32 

0 

26 

October 

5 

14 

26 

14 

17 

25 

November 

3 

8 

47 

19 

16 

6 

December 

8 

13 

13 

27 

22 

16 

January  1981 

10 

12 

15 

13 

14 

37 

February 

7 

10 

15 

5 

18 

45 

March 

18 

13 

23 

6 

21 

20 

April 

4 

15 

21 

4 

11 

45 

May 

37 

10 

6 

26 

5 

17 

Table  3.    Intensity  of  fouling  ( %)  by  different  groups  of  organisms  on  dead  valves. 

Fouling  organisms 


Period  of 
observation 

Living 
barnacles 

Dead 

barnacles 

Serpu- 
lids 

Bryo- 

zoans 

Modio- 
lids 

Miscell- 
aneous 

June  1980 

11 

17 

31 

7 

2 

32 

July 

14 

36 

37 

2 

0 

12 

August 

42 

32 

4 

13 

2 

7 

September 

19 

19 

36 

13 

4 

9 

October 

5 

16 

22 

25 

12 

22 

November 

1 

8 

33 

15 

33 

11 

December 

8 

15 

29 

15 

23 

10 

January  1981 

4 

13 

18 

15 

13 

37 

February 

13 

14 

22 

12 

13 

27 

March 

11 

16 

30 

4 

29 

11 

April 

6 

14 

23 

5 

6 

45 
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Serpulid  polychaetes  amounted  to  an  annual  average  of  22  %  on  living  and  dead 
valves  (figure  2).  The  difference  between  their  settlement  on  living  and  dead  valves  was 
not  significant.  Intensity  of  serpulid  fouling  varied  from  6  %  in  May  to  47  %  in 
November  on  living  valves  and  4  %  in  August  to  37  %  in  July  on  dead  valves.  Serpulids 
competed  strongly  for  space  with  barnacles,  bryozoans  and  other  foulers.  On  many 
instances  overcrowding  and  secondary  settlement  on  earlier  settlers  were  discernible.  A 
negative  relationship  between  fouling  by  serpulids  and  barnacles  was  noticeable  in  that 
the  period  of  poor  fouling  by  serpulids  coincided  with  the  period  of  dense  fouling  by 
barnacles  and  vice  versa. 

Encrusting  and  creeping  types  of  bryozoan  colonies  were  encountered  on  living 
(average  intensity  15%)  and  dead  (average  intensity  12%)  oyster  valves  (figure  2). 
Bryozoan  fouling  was  dense  from  August  to  December  and  in  May.  Many  species  of 
bryozoans  flourished  over  other  fouling  organisms  especially  on  those  with  calcareous 
exoskeleton.  Intensity  of  bryozoan  fouling  varied  very  widely  on  both  living  and  dead 
valves  (tables  2  and  3). 

Modiolids  were  encountered  between  barnacles,  serpulids  and  also  within  dead 
barnacles  attached  either  to  other  foulers  or  to  oyster  valves  with  byssus  threads. 
Average  intensity  of  fouling  on  living  oysters  was  1 1  %  and  the  same  on  dead  valves  was 
12%  (figure  2).  On  living  valves  the  intensity  rose  up  to  22%  in  December  from  0  in 
September  (table  2).  Fluctuations  were  highly  erratic  owing  to  the  flimsy  byssal 
attachment.  On  dead  valves  modiolid  biofouling  varied  between  intensities  of  0  and 
33%  (table  3). 

Miscellaneous  groups  such  as  algae,  sponges,  hydroids,  other  crustaceans  etc  were 
also  important  and  contributed  to  the  fouling  biomass.  Their  incidence  was  in  general 
slightly  more  on  living  oyster  valves  than  on  dead  ones,  the  annual  average  intensity  on 
living  valves  being  27  %  and  on  dead  valves  being  20  %  (figure  2).  It  varied  from  7  %  in 
August  to  45  %  in  April  on  dead  valves  (table  3)  and  6  %  in  November  to  45  %  in 
February  and  April  on  living  valves  (table  2).  Monthly  variations  were  highly  erratic 
with  dense  fouling  during  the  highly  saline  summer  months. 


3.5     Availability  of  settling  space 

Even  though  fouling  intensity  was  above  100  %  during  most  of  the  months,  some  clean 
space  was  noticeable  except  in  rare  cases.  Settling  space  availability  on  living  oyster 
valves  varied  from  0  in  January  and  April  to  32  %  in  August  (figure  3)  with  an  annual 
average  of  8  %.  On  dead  valves  the  average  was  8  %  with  a  range  of  0  to  30  %  (figure  3). 


3.6     Fouling  in  relation  to  substrate  size 

All  the  living  oysters  analysed  were  grouped  into  five  different  size  classes  to  delineate  if 
there  is  any  variation  in  biofouling  with  the  growth  of  oysters.  Surface  area  of  the  valves 
ranged  between  14-8  and  71-3  cm2.  Biofouling  in  relation  to  size  of  the  oyster  valves  is 
presented  in  table  4.  Total  fouling  intensity  was  very  high  on  oysters  of  25-35  cm2  size 
group.  It  was  relatively  low  on  oysters  with  smaller  and  larger  right  valves.  Living 
barnacles  exhibited  a  clear  preference  to  foul  oysters  of  25-35  cm2  size  group  and  their 
incidence  was  very  low  on  smaller  oysters.  Incidence  of  dead  barnacles,  however,  was 
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Figure  3.    Variations  in  the  availability  of  settling  space. 

Table  4.    Fouling  intensity  ( %)  and  availability  of  free  space  in  relation  to  substrate  size  on 
living  oyster  valves. 


Substrate  size  cm2 

Fouling  organisms 

15-25 

25-35 

35-45 

45-55 

>55 

Living  barnacles 

8 

24 

15 

15 

12 

Dead  barnacles 

23 

16 

14 

16 

12 

Serpulids 

14 

31 

21 

21 

30 

Bryozoans 

13 

19 

20 

15 

11 

Modiolids 

8 

14 

15 

14 

9 

Miscellaneous 

29 

33 

33 

39 

33 

Total  fouling  intensity 

95 

138 

118 

120 

107 

Free  space 

12 

3 

9 

8 

2 

high  on  smaller  oysters.  Serpulid  fouling  also  was  heavy  in  25-35  cm2  size  group 
although  it  was  conspicuous  on  oysters  of  all  size  groups.  Intensity  of  bryozoan 
biofouling  was  maximum  in  the  size  group  35-45  cm2  and  minimum  on  those  above 
5C  cm2.  The  pattern  of  modiolid  biofouling  was  similar  to  that  of  bryozoans  with  poor 
intensity  on  smaller  and  larger  oysters.  Miscellaneous  groups  did  not  exhibit  any 
preference  to  the  size,  however,  their  intensity  was  slightly  higher  in  45-55  cm2  size 
group  and  lower  in  the  smallest  size  group.  Incidence  of  free  space  was  naturally 
maximum  on  smaller  oysters  and  minimum  on  larger  oysters. 


4.    Discussion 

The  ecology  of  biofoulers  and  the  associated  organisms  of  economically  important 
bivalves  has  been  studied  in  different  parts  of  the  world  from  time  to  time  on  account  of 
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its  economic  importance  (Conner  1980;  Costa  et  al  1979;  Korringa  1951,  1952; 
Krakatitsa  and  Kaminskaya  1979;  Pinto  and  Wignarajah  1980;  Maurer  and  Waiting 
1973;  Stephen  1978;  Walne  1961,  1974).  However,  in  these  studies  the  quantitative 
aspects  have  not  been  stressed,  importance  being  given  to  the  composition  of  the  fauna, 
their  relative  abundance  in  certain  cases  and  nature  of  seasonal  and  spatial  variations. 
Composition  of  the  biofouling  organisms  encountered  in  the  present  study  has  been 
somewhat  similar  to  those  reported  in  the  above  mentioned  papers  except  differences  in 
the  dominance  of  different  groups  and  absence  of  certain  groups  such  as  ascidians. 
Investigations  similar  to  the  present  one  have  been  reported  on  fauna  on  artificial 
substrata  and  epifaunal  communities  of  rocky  marine  ecosystems  (Shin  1981;  Harms 
and  Anger  1983;  Osman  1977;  Dean  and  Hurd  1980).  These  reports  clearly  show  that 
groups  of  fouling  organisms  vary  widely  in  their  relative  abundance  and  dominance 
with  space  and  time. 

Oyster  biocoenosis  in  the  Ashtamudi  Backwater  consists  of  a  large  number  of  errant 
and  sedentary  marine  species  and  a  few  estuarine  forms.  Throughout  the  year  sedentary 
representatives  settle  and  flourish  over  the  valves  of  oysters  forming  conspicuous 
communities  (figures  4-7).  On  account  of  the  meagre  quantified  data  a  detailed  picture 
could  not  be  developed  so  far  despite  its  importance  in  the  culture  of  mussels  and 
oysters  (Bwothondi  and  Ngoile  1982;  Mason  1976;  Cho  and  Frias  1979).  Impediments 
caused  by  biofouling  in  the  culture  of  commercial  molluscs  have  been  documented 
among  others  by  Alagarswami  and  Chellam  (1976),  Milne  (1976)  and  Nikolic  and 
Alfonso  (1970).  Interference  starts  from  the  initial  stages  of  spat  collection  and 
continues  till  post  harvest  cleaning  of  the  crop. 

One  of  the  factors  conducive  to  the  dense  biofouling  recorded  throughout  the  year  is 
probably  the  nature  of  the  habitat  of  the  oysters  in  the  Ashtamudi  Backwater. 
Environmental  parameters  exhibit  relatively  lesser  fluctuations  at  the  bottom  than  at 
the  surface  and  the  intertidal  zone  even  during  the  highly  unstable  monsoon  months. 
During  the  monsoon  also  biofouling  on  oysters  growing  attached  to  laterite  blocks  at 
the  bottom  was  invariably  above  50%  in  intensity  suggesting  that  clean  unfouled 
oysters  never  occur  in  the  backwater.  One  of  the  reasons  for  this  is  the  dense  occurrence 
of  epibenthic  communities  in  the  backwater  wherever  shores  are  protected  with  laterite 
or  granite  blocks.  Fouling  community  at  the  mouth  of  the  backwater  is  exceptionally 
rich  in  species  and  in  density  (Dharmaraj  and  Nair  1981)  and  this  is  reflected  in  the 
biofouling  on  oysters  as  well. 

The  organisms  noticed  during  the  present  study  seem  to  have  little  or  no  preference 
specifically  for  settling  over  oyster  valves.  Field  observations  showed  that  initial 
settlement  of  many  species  is  almost  opportunistic  because  epibenthic  faunal 
assemblages  of  similar  structure  and  composition  exist  on  laterite  walls  and  all  sorts  of 
other  hard  substrata  available  in  the  vicinity.  It  has  further  been  noticed  that  dense 
incidence  of  major  fouling  elements  such  as  barnacles,  serpulids,  mussels  etc  along 
laterite  embankments  represent-  a  perennial  source  of  larvae  and  prevent  fresh 
settlement  of  oyster  spat  and  also  these,  through  successive  settlement  smother  the 
already  existing  smaller  oysters.  Such  situations  have  already  been  recorded  by  Cho  and 
Frias  (1979)  while  observing  oyster  settling  in  Restinga  Lagoon,  Venezuela.  In  regions  of 
unmanned  aquatic  environments  these  are  processes  involved  in  regulating  the 
epifaunal  community  structure  and  interspecific  relationships.  When  the  phenomena 
occurs  on  artificially  submerged  substrata  and  cultivable  organisms  such  as  oysters  and 
mussels  they  naturally  exert  an  adverse  influence. 

* — 2. 
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Epifaunal  assemblages  on  oyster  valves  have  many  adverse  effects  on  the  host.  Dense 
settlement  on  the  right  valve  would  render  it  to  expend  more  energy  than  otherwise  to 
open  the  valve.  During  growth,  shape  and  size  of  the  oysters  are  likely  to  be  affected 
owing  to  the  mechanical  effects  of  foulers  crowding  over  them.  Most  of  the  foulers  are 
filter  feeders  competing  with  the  oysters  themselves  at  the  same  trophic  level  for  oxygen 
and  food  (Yonge  1966;  Mason  1976).  Crevices  created  by  irregular  biofouling  growth 
provide  shelter  to  a  diverse  group  of  organisms  such  as  errant  polyclads,  polychaetes, 
isopods,  amphipods  etc  some  of  which  are  harmful  to  the  oysters  (Korringa  1951; 
Cheng  1967).  Crevices  filled  up  with  debris  and  mud  lead  to  colonisation  by  pathogenic 
microorganisms  contaminating  even  the  flesh  of  oysters.  Certain  polychaetes  of  the 
family  Spionidae  burrow  into  the  valves  and  lead  to  the  formation  of  mud  blisters 
(Stephen  1978;  Joseph  1979).  All  these  harmful  effects  of  biofouling  make  it  necessary 
that  it  should  be  prevented  on  oysters  or  atleast  controlled  to  the  maximum  possible 
extent. 
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Relative  efficacy  of  male  and  female  conspecific  urine  in  masking 
shyness  behaviour  in  Indian  gerbil,  Tatera  indica 
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Abstract.  In  a  choice  test,  the  Indian  gerbils,  T.  indica  preferred  urine-mixed  food  over 
ordinary  millet  indicating  a  phago-stimulant  nature  of  conspecific  urine.  The  experiments  also 
revealed  that  addition  of  conspecific  urine  mitigates  the  poison  aversion  and  bait  shyness 
behaviour  significantly,  as  a  result  of  which  zinc  phosphide  poisoning  can  be  attempted  a 
second  time  in  a  sequence,  thus  enhancing  the  control  success.  T.  indica  showed  a  clear 
preference  for  urine  of  the  same  sex  which  suggests  that  the  active  attractant  in  the  urine  has  no 
sex  attraction. 

Keywords.  Bait-shyness;  behaviour;  conspecific  urine;  Tatera  indica;  poison-aversion;  zinc 
phosphide. 


1.    Introduction 

The  role  of  urine  in  reproductive  activity  of  mammals  and  social  interactions  of  rodents 
has  been  worked  out  in  detail  (Bruce  1959;  Whitten  1969;  Dominic  1978)  but  very  little 
information  is  available  on  the  phago-stimulant  nature  of  urine  and  body  odours.  Our 
preliminary  observations  have  revealed  that  one-day  exposure  of  urine-mixed  millet 
mitigates  poison  shyness  among  the  desert  gerbils,  Meriones  hurrianae  (Kumari  and 
Prakash  1979, 1980).  This  paper  describes  the  results  of  our  experiments  to  evaluate  the 
efficacy  of  male  and  female  conspecific  urine  in  accentuating  the  poison  shyness 
behaviour  in  the  Indian  gerbil,  Tatera  indica. 


2.    Material  and  methods 

Experimental  animals  were  acclimatized  for  six  days  to  laboratory  conditions  after 
capture  from  the  field.  All  experiments  were  carried  out  on  sets  of  six  male  and  six 
female  Indian  gerbils,  Tatera  indica  indica  Hardwicke  which  were  maintained  in 
individual  laboratory  cages.  They  were  provided  with  a  choice  test  to  indicate  their 
preference  between  ordinary  millet  grains  and  millet  -f  0*4  %  conspecific  urine  of  male 
and  female  in  separate  experiments  (table  1).  Consumption  of  both  the  foods  was 
recorded  nearest  to  0-1  g.  In  other  experiments,  weighed  quantities  of  millet 
(Pennisetum  typhoides)  and  jowar  (Sorghum  vulgare)  were  provided  to  experimental 
rodents  in  two  separate  containers.  Water  was  available  ad  libitum.  After  recording 
consumption  of  millet  and  sorghum  for  3  days,  a  sublethal  dose  of  (0-05%)  zinc 
phosphide  and  1  %  arachis  oil  were  added  to  preferred  food  (millet).  On  the  5th  day 
animals  were  divided  in  two  groups.  Urine  (0*4%)  was  added  to  millet  in  group  A 
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Table  1.    Differential  consumption  of  ordinary  and  urine  mixed  millet  by  T.  indica. 
Mean  daily  intake  g/100  g  body  weight  ±  S.E. 


Sex  of 
rodents 

n 

Ordinary  millet 
grains 

Millet  +  0-4%  urine 
of  male  T.  indica 

Female 
Male 
Pooled 

16 
16 

32 

2-05  ±0-42 
1-23  ±0-44 
1-64  ±0-24 

3-62"  ±0-48 
4-81*±(M4 
4-22"  ±0-34 

Millet  +  04%  urine 
of  female  T.  indica 

Female 
Male 
Pooled 

24 
18 
42 

1-38  ±0-45 
1-44  ±0-37 
l-41±0-33 

4-45"  ±0-78 
4-11°  ±0-86 
4-30"  ±0-57 

a  P  <  001, b  P  <  0001. 

animals  but  group  B  animals  continued  to  feed  on  millet  +  oil  -f  zinc  phosphide.  On  the 
6th  day  both  the  groups  received  bajra  4-  0-4  %  urine  of  male  and  female  in  separate 
tests.  Jowar  was  available  to  them  on  all  the  days.  Similar  sequence  was  repeated  on  the 
same  animals  from  day  7  to  12. 


3.    Results 

The  addition  of  conspecific  urine  of  female  and  male  T.  indica  to  millet  grains 
significantly  enhanced  (P  <  0-001)  the  food  consumption  by  male  as  well  as  female 
Indian  gerbils  (table  1).  The  enhancement  of  intake  of  urine  mixed  millet  was,  however, 
more  pronounced  when  urine  was  from  the  same  sex. 

Out  of  the  two  foods  provided  to  the  gerbils,  they  significantly  (P  <  0-01)  preferred 
millet  (tables  2  and  3)  but  no  sooner  a  sub-lethal  dose  of  zinc  phosphide  was  added  (day 
4),  the  consumption  of  bajra  declined  significantly  (P  <  0-01,  tables  2  and  3)  and  that  of 
jowar  increased  (P  <  0-01).  On  day  5,  04%  conspecific  urine  of  male  (table  2)  and 
female  (table  3)  gerbils  was  added  to  millet  4- zinc  phosphide  (0-05  %)  and  was  exposed 
to  animals  of  group  A.  Group  B  animals  continued  to  feed  on  millet  4-  zinc  phosphide 
and  jowar.  It  is  apparent  that  due  to  addition  of  urine,  the  consumption  of  millet 
increased  slightly  on  day  6  when  it  was  male  urine  but  addition  of  female  urine  (table  3) 
increased  the  intake  of  poisoned  millet  significantly  (P  <  0-01).  Consumption  of  millet 
+  poison  in  which  urine  was  not  mixed  (group  B,  day  6*  tables  2  and  3)  further  declined 
as  compared  to  that  on  day  4.  It  is  evident,  therefore,  that  addition  of  urine  enhanced 
the  acceptability  of  poison  bait  to  T.  indica  on  the  2nd  day  of  exposure. 

On  day  6,  when  millet  4-04%  urine  of  male  (table  2)  and  female  (table  3)  was 
provided  along  with  jowar  as  alternate  food  choice,  the  intake  of  the  former  was 
significantly  more  (P  <  0*01)  than  that  on  day  5.  On  days  7, 8  and  9,  ordinary  millet  was 
preferred  over  jowar  whereafter  rodents  were  again  subjected  to  tests  as  that  on  days  4 
and  5.  Addition  of  urine  increased  the  intake  of  poisoned  millet  but  the  differences  were 
not  statistically  significant. 

In  the  former  experiment  (table  1),  T.  indica  had  shown  a  clear  preference  for  own-sex 
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urine.  With  a  view  to  analyse  this  preference,  the  data  on  consumption  of  millet  and 
jowar  on  days  5  (group  A)  and  1 1  (group  B,  tables  2  and  3)  were  analysed  separately  for 
male  and  female  rodents  (table  4).  On  the  second  exposure  to  poison  bait,  when  male 
urine  was  mixed,  its  consumption  by  male  animals  (2-2  g)  was  significantly  more  (P 
<  0-05)  than  by  female  T.  indica  (1-33  g).  Likewise  in  male  rodents,  the  consumption  of 
jowar  did  not  increase  whereas  female  animals  consumed  significantly  (P  <  0-001) 
more  quantity  of  jowar  (day  5,  group  A,  table  4)  when  female  urine  was  mixed  with  the 
poison  bait  (table  4).  The  female  rodents  consumed  the  poison  bait  (2-54  g)  in 
significantly  more  (P  <  0-05)  quantity  than  male  animals  (1-55  g).  In  both  the  cases, 
however,  intake  of  jowar  was  significantly  more  than  the  poison  bait  -f  urine. 

During  the  second  sequence  of  exposure  to  male  and  female  urine  on  day  1 1  (table  4), 
the  male  T.  indica,  however,  showed  a  clear  preference  towards  female  urine  (P  <  0-05) 
but  females  were  consistent  in  their  earlier  choice  of  own-sex  urine  (table  4). 


4.     Discussion 

Results  of  this  study  have  clearly  brought  out  that  addition  of  conspecific  urine 
mitigates  the  poison  aversion  and  bait  shyness  significantly  on  first  exposure  and 
slightly  on  the  second  exposure  to  sub-lethal  dose  of  zinc  phosphide. 

Another  point  brought  out  through  the  results  of  these  experiments  is  thatT.  indica 
prefers  the  urine  of  same  sex  (table  4).  However,  the  magnitude  of  attraction  is  more  in 
male  urine  as  compared  to  that  of  female.  This  agrees  with  the  results  of  our  previous 
study  when  the  conspecific  sebum  of  ventral  sebaceous  gland  was  evaluated  showed 
that  M.  hurrianae  had  preferred  same  sex  odours  (Kumari  and  Prakash  1981). 

In  an  earlier  study,  it  was  indicated  that  after  a  single  exposure  of  sub-lethal  dose  to 


Table  4.    Sexwise  analysis  of  consumption  of  urine-mixed  millet  on  days  5  and  1 1  (tables  2 
and  3). 

Mean  daily  consumption  (g/lOOg  body  wt.)  ±S.E.  of 
millet  +0-05%  zinc  phosphide  +04%  conspecific  urine 
and  jowar  by  male  and  female  T.  indica 


Additive 


Day  11 


Male 


Female 


Day  5 

Male  urine 

Group  A  of  table  2 

Millet 

2-20**  ±0-33 

1-33   ±0-08 

Jowar 

0-91     ±0-05+"(" 

3-08  ±0-79+  + 

Female  urine 

Group  A  of  table  3 

Millet 

1-55     ±0.09 

2-54*  ±0-44 

Jowar 

4-08     ±0-84*  +  "f 

5-09  ±0-53  +  +  + 

Male  urine 

Group  B  of  table  2 

Millet 

1-66 

±0-04 

2-58*  ±0-32 

Jowar 

4-31 

±0-55*  + 

2-21   ±0-08NS 

Female  urine 

Group  B  of  table  3 

Millet 

2-81 

±0-10 

3-70*  ±0-73 

Jowar 

3-57 

±0-38* 

4-93   ±0-41  + 

Level  of  significance,  Students'  t  test;  +  -  *  =  P  <  0-05;  *  +-  **  =  P  <  0-01;  *  +  +  =  P  <  0-001;  NS  =  not 
significant;  *  —  t  test  between  male  and  female  millet  consumption;  *  =  t  test  between  millet  and  jowar 
consumption. 
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T.  indica,  the  bait  shyness  persisted  till  115  days  (Prakash  and  Jain  1971)  and  the 
consumption  of  the  bait  in  which  poison  was  mixed  remained  at  a  significantly  low  level 
as  compared  to  that  on  initial  days.  In  the  present  study,  however,  even  after  one  day 
exposure  to  urine  mixed  millet  (in  which  zinc  phosphide  was  added,  days  4  and  5,  tables 
2  and  3),  the  bait  shyness  totally  vanished  and  on  days  7, 8  and  9  the  intake  of  millet  by  T. 
indica  was  comparable  to  that  of  days  1, 2  and  3  Le.  prior  to  exposure  to  zinc  phosphide. 
This  confirms  that  addition  of  urine  to  poison  bait  mitigates  the  shyness  behaviour  in  T. 
indica. 

The  findings  that  mixing  of  conspecific  urine  to  poison  bait  mitigates  shyness 
behaviour  and  poison  aversion  have  opened  a  new  line  of  thinking.  We  are  now 
identifying  the  active  chemical  in  urine  which  is  responsible  for  such  a  change  in  rodent 
behaviour  so  that  it  could  be  manufactured  inorganically  for  mixing  in  poison  baits 
used  in  large  scale  rodent  control  operation  which  would  significantly  enhance  the 
control  success. 
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Abstract.  The  food  preference  of  P.  canius,  carried  out  from  fish  samples  of  Hooghly- 
Matlah  estuary  and  Chilka  lake  is  described.  Qualitative  study  of  the  food  showed  the  species 
to  be  a  predatory  carnivore  right  from  its  fingerling  stage.  The  study  justifies  the  inclusion  of 
the  species  in  brackishwater  aquaculture  as  a  biological  control  of  unwanted  crabs. 

Keywords.    P.  canius;  food  preference;  cultural  stability. 


1.  Introduction 

Plotosus  canius  Hamilton,  the  canine  catfish-eel  from  tropical  estuarine  waters,  forms  a 
considerable  part  of  the  catfish  catch  from  estuaries  and  brackishwater  lakes  of  India. 
Although  food  habits  of  a  variety  of  estuarine  fish  of  India,  from  capture  as  well  as 
culture  waters,  have  been  studied  in  detail,  the  information  available  on  food  and 
feeding  habit  of  this  species  from  different  areas  of  the  country  (Basheeruddin  and 
Nayar  1961;  Rajan  1965;  Kaliyamurthy  and  Rao  1972)  are  scarce.  The  present  paper 
reports  the  monthly  and  locality-wise  variations  in  quantity  and  quality  of  food  of 
adults  of  this  species  as  well  as  those  of  the  fingerlings,  so  as  to  determine  its  food 
preference  and  assess  its  cultural  suitability. 

2.  Materials  and  methods 

Fish  samples  were  collected  from  commercial  fish  catches  from  two  fish  assembly 
centres  (Port  Canning  and  Kakdwip)  of  Hooghly-Matlah  estuary  and  one  (Balugaon) 
of  Chilka  lake  during  the  period  1974-76.  Guts  from  458  fish  (90-538  mm  in  length) 
(176  from  Port  Canning,  155  from  Kakdwip  and  127  from  Balugaon),  were  subjected  to 
detailed  food  preference  study.  In  addition,  22  fingerlings  (38-50  mm),  collected  from 
seed  collection  nets  operated  at  Kakdwip,  were  also  examined  for  their  food  preference. 
The  formalin  preserved  specimens,  were  used  for  this  study.  First,  the  fullness  of  the 
stomach  was  graded  into  gorged,  full,  3/4  full,  1/2  full,  1/4  full,  traces  and  empty 
following  Pillay  (1952).  The  stomach  contents  were  then  scrapped  into  a  petridish, 
thoroughly  mixed  and  a  part  of  it  analysed,  macroscopically  as  well  as  microscopically, 
to  study  the  different  feed  items. 

Mucous  was  invariably  seen  in  the  guts  of  P.  canius.  As  it  is  not  really  a  food 
constituent,  a  separate  percentage  was  alotted  to  it  which  was  not  considered  for 
alotting  percentages  to  different  food  constituents. 
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Point  and  occurrence  methods  (Pillay  1952)  were  followed  for  stomach  content 
analyses  of  P.  canius  and  the  results  obtained  were  converted  to  volumetric  and 
occurrence  percentages  respectively.  To  get  a  correct  picture  of  food  preference  by 
grading  and  evaluating  the  gut  contents,  index  of  preponderance  (/,-)  (Natarajan  and 
Jhingran  1961)  was  constructed  for  each  food  item,  from  volume  and  occurrence  values 
thus  obtained,  using  the  formula 

100  x  FA 
=     EPA   ' 

where  V{  and  Ot  are  the  percentages  of  food  item  by  volume  and  occurrence 
respectively.  The  rectal  contents  were  also  examined,  both  macroscopically  and 
microscopically,  to  see  whether  the  food  encountered  was  digested  or  passed  out  as 
such. 


3.    Food  preference  studies 

The  present  study  revealed  that  though  there  are  monthly  variations  in  the  quantity  of 
food  consumed  there  was  no  variation  in  the  quality  of  food  consumed.  The  variations 
in  the  quality  of  food  were  determined  from  samples  collected  from  different  centres. 
The  fingerlings  showed  food  items  different  from  those  of  adults  of  the  same  locality. 


3.1     Monthly  variations  in  food  intake 

The  fullness  of  stomach  of  P.  canius,  during  different  months  of  the  year  in  samples 
collected  from  Port  Canning  (river  Matlah  of  Hooghly-Matlah  estuary)  indicated  that 
February  to  July  was  the  lean  period  of  feeding,  with  no  stomach  encountered  in  gorged 
or  full  conditions.  The  percentages  of  stomachs  in  nearly  empty  condition  (empty 
+  traces)  ranged  between  34-61  and  71-43.  Samples  during  July  had  the  maximum  of 
nearly  empty  stomachs  (71-43)  with  those  during  June  following  (62-5).  August  to 
January  was  the  better  feeding  period.  September  showed  the  maximum  percentages  of 
stomachs  in  gorged  and  full  conditions  (47*62),  followed  by  August  (42-37).  The 
samples  collected  from  Kakdwip  and  Balugaon  also  showed  a  similar  pattern  of 
monthly  variation  with  minor  variations  at  some  places. 


3.2    Food  composition 

Figures  1  and  2  show  the  average  food  composition  offish,  in  terms  of  occurrence  and 
volume  respectively,  analysed  from  different  sampling  centres.  Items  contributing  less 
than  5  %  of  the  total  have  been  pooled  together  and  depicted  as  miscellaneous.  It  is 
evident  that  the  food  of  adult  P.  canius  mainly  consists  of  crabs,  prawns,  fish,  molluscs 
and  aquatic  insects.  Plant  matter  and  amphipods  (observed  in  small  quantity  in  samples 
from  Port  Canning  only)  appear  to  be  accidental  inclusions,  consumed  probably  due  to 
the  bottom  browsing  habit  of  the  species.  Debris  also  contributed  a  part  in  all  cases. 
The  studies  also  show  that  crab,  fish  and  molluscs  are  not  preferred  at  the  fingerling 
stage.  The  fingerlings  appear  to  subsist  on  prawns,  plankton  and  insects  only. 
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Figures  1, 2.     Food  composition  of  P.  canius  from  different  sampling  centres  I.  Occurrence 
method  2.  Volumetric  method. 
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Index  of  preponderance  studies  indicated  that  in  adults,  crabs  were  the  most 
preferred  food  item  in  the  Hooghly-Matlah  estuary  (It  =  87-3647  and  97-2874), 
whereas  molluscs  (/£  =  53-7598)  was  the  dominant  item  in  adult  specimens  from  Chilka 
lake.  In  fingerlings,  the  most  preferred  food  item  was  prawn  (It  =  50-2519).  The  group- 
wise  details  of  different  food  items,  encountered  in  the  stomach  of  P.  canius,  are  as 
follows: 

3.2a  Crabs:  They  were  the  most  preferred  food  item  of  the  species  in  the  adults  of 
the  Hooghly-Matlah  estuary  samples,  whereas  they  ranked  third  in  the  adult  fish 
samples  from  Chilka  lake.  They  accounted  for  61-42,  80-63  and  17-55  %,  by  volume,  in 
the  food  of  adults  from  Port  Canning,  Kakdwip  and  Balugaon  respectively.  The 
analyses  of  rectal  contents  revealed  that  the  soft  parts  of  the  animal  were  completely 
absorbed  in  the  alimentary  tract  but  parts  of  the  exoskelton  were  passed  out.  The 
species  of  crabs,  commonly  observed  in  the  gut  contents,  were  Scyla  serrata,  Varuna 
litterata,  Ocypoda  sp  and  Paratelphusa  spp. 

3.2b  Prawns:  The  fingerlings  appeared  to  consume  maximum  amount  of  prawns  by 
volume  (30-34  %)  which,  however,  received  second  preference  as  food  in  adults  from  all 
the  three  sampling  centres,  being  17-40, 7-67  and  3 1  -30  %  in  samples  from  Port  Canning, 
Kakdwip  and  Balugaon  respectively.  The  rectal  content  revealed  that  the  prawns  are 
well  digested  with  only  the  chitinous  part  passed  out.  The  prawns  commonly 
encountered  in  the  guts  were  Acetes  indicus,  Metapenaeus  brevicornis  and  Palaemon 
styliferus. 

3.2c  Fish:  In  several  samples  from  Hooghly-Matlah  estuary  the  gut  analyses 
indicated  the  presence  offish  fingerlings  to  the  extent  of  5-73  and  7-18  %  by  volume  in 
the  average  percentages  of  food  analysis  in  the  samples  of  adults  from  Port  Canning 
and  Kakdwip  respectively.  However,  no  fish  was  encountered  in  the  guts  of  samples 
analysed  from  Chilka  lake.  But  for  parts  of  vertebral  column  and  spines,  no  other 
portion  of  fish  was  seen  in  the  rectal  contents.  The  fish  species  encountered  were  all  of 
weed  fish  category,  such  as  engraulids  (Thrissodes  sp,  Coilia  sp)  and  cyprinids  (Barbus 
sp). 

3.2d  Molluscs:  Molluscan  shells  were  most  abundant  in  the  gut  content  of  the  adult 
fish  samples  analysed  from  Chilka  lake,  contributing  45-13  %  by  volume,  on  an  average. 
They  formed  much  lower  percentages  in  the  adults  from  Port  Canning  and  Kakdwip, 
being  only  6-33  and  0-26  %  by  volume  respectively.  Whereas  the  shells  encountered  in 
the  stomach  contents  were  both  with  and  without  animals,  the  ones  in  the  rectal 
contents  were  all  without  animals  only,  indicating  complete  digestion  of  the  animal  in 
the  alimentary  tract  with  the  broken  shells  being  evacuated  in  small  pieces.  The 
molluscs  encountered  were  Epitonium  sp,  Capus  sp,  Bursa  sp  and  Trochus  sp  (all 
Gastropods),  Geloina  bengalensis,  Crassostrea  sp  and  Meretrix  sp  (all  Lamellidens). 

3.2e  Plankton:  Plankton  contributed  33-85  %  by  volume  in  the  stomach  of  finger- 
lings  with  the  zooplankton  showing  a  slight  edge  in  overall  percentage!  The  phytoplan- 
kton  commonly  found  in  the  stomachs  of  fingerlings  of  P.  canius  were  Algae 
(Protococcus  sp,  Cladophora  sp,  Polysiphonia  sp  and  Microcoleus  sp)  and  Diatoms 
(Cyclotella  sp,  Pleurosigma  sp,  Gyrosigma  sp,  Navicula  sp  and  Coscinodiscus  sp).  The 
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common  zooplankton  observed  were  Copepods  (Acartiella  sp,  Pseudodiaptomus  sp 
Diaptomus  sp  and  Cyclops  sp)  and  the  cladoceran,  Daphnia  sp. 

3.2f  Aquatic  insects:  Aquatic  insects  appeared  to  be  the  third  preferred  food  item  of 
the  fingerlings,  contributing  16-89%  by  volume.  However,  in  the  adult  fish  collected 
from  Port  Canning  they  were  only  observed  in  small  quantity  (1-69%  by  volume) 
(shown  under  miscellaneous  in  figures  1  and  2).  The  rectal  contents  indicated  that  only 
their  chitinous  shells  are  evacuated.  The  insects  commonly  encountered  were  Plea  sp 
Anisops  sp,  Cybister  sp  and  Anax  sp. 

3.2g  Miscellaneous:  Plant  roots  and  leaves  (2-45%  by  volume),  amphipod, 
Paracalliopa  sp  (1-66  %  by  volume)  and  debris  (3-32  %  by  volume)  in  samples  from  Port 
Canning,  and  molluscs  (0-26  %  by  volume)  and  debris  (4-26  %  by  volume)  in  samples 
from  Kakdwip  were  also  noticed  in  the  guts  (shown  under  miscellaneous  in  figures). 
Debris  was  also  present  in  the  guts  of  adult  fish  from  Chilka  lake  (4-05  %  by  volume) 
and  fingerlings  from  Kakdwip  (7-15  %  by  volume).  These  items,  however,  appear  to  be 
accidental  inclusions  in  the  diet  of  P.  canius. 


4.    Discussion 

The  results  on  monthly  variations  in  food  intake  in  P.  canius  agree  with  the  observation 
on  the  species  in  the  Chilka  lake  by  Rajan  (1965),  who  found  September  as  the  month  of 
lowest  feeding,  progressive  increase  from  October  to  March  with  lower  values  from 
April  to  June  and  the  peak  in  July. 

P.  canius  attains  maturity  in  February  and  breeds  during  April  to  August,  with 
maximum  breeding  in  May  and  June  (Sinha  1981).  Thus,  it  appears  that  the  intensity  of 
food  intake  of  the  species  is  inversely  related  to  gonadal  maturity  and  breeding  time  of 
the  fish.  The  high  intensity  of  feeding  in  September  now  observed  is  probably  due  to 
active  feeding  following  the  spawning,  as  a  recuperative  instinct.  Qayyum  and  Qasim 
(1964)  and  Unnithan  (1978)  also  observed  similar  correlations  between  feeding 
intensity  and  maturity  in  other  teleosts. 

As  regards  food  preferences,  Basheeruddin  and  Nayar  (1961)  observed  juveniles  of 
the  species  (40-50  mm)  subsisting  on  animal  diet  (amphipods,  isopods,  mysids  and 
young  prawns)  in  samples  from  coastal  waters  of  Madras  city.  Rajan  (1965)  observed 
prawn  to  be  the  main  diet  of  the  adult  of  the  species  in  Chilka  lake  with  crabs,  molluscs 
and  fish  forming  the  secondary  food.  Kaliyamurthy  and  Rao  (1972)  categorised 
P.  canius  as  benthos  feeder  with  the  young  ones  of  the  species  (33-80  mm)  feeding  on 
copepods,  diatoms  and  amphipods,  whereas  the  larger  sized  ones  (above  80-185  mm) 
fed  on  prawns,  fish  polychaetes  and  hermit  crabs.  Thus,  the  present  results  on  the 
quality  of  food  consumed  by  P.  canius  indicated  it  to  be  a  predatory  carnivore.  The  local 
variations  in  percentages  of  food  constituents  (crabs,  prawns,  molluscs,  fish  etc)  may  be 
due  to  variability  in  the  availability  of  food  items  in  the  specific  environment.  This 
predatory  carnivore  habit  was  present  even  in  the  fingerlings  of  P.  canius.  At  this  stage, 
when  the  fish  is  not  capable  of  circumvating  crabs,  molluscs  or  other  fish  species,  it 
subsists  mainly  on  smaller  prawns  and  aquatic  insects. 
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5.    Remarks  on  the  cultural  suitability  of  the  species 

In  view  of  these  observations,  it  is  felt  that  P.  canius  is  suitable  for  inclusion,  as  one  of 
the  additional  species,  in  brackishwater  fish  culture  in  India  for  the  reasons  given  below: 

(i)  None  of  the  species,  known  to  be  cultured  presently  in  brackish  waters  of  this 
country,  actively  preys  upon  crabs  which  are  abundantly  found  in  the  culture  ponds. 
The  most  commonly  cultured  carnivore  of  brackishwaters  of  India,  Lates  calcarifer,  is 
reported  to  be  a  column  feeder,  feeding  mainly  on  shrimps,  fish,  snails  and  worms 
(Jhingran  1975;  Patnaik  and  Jena  1976).  The  other  carnivores,  cultured  in  brackish- 
waters  of  this  country,  viz  Elops  saurus,  Megalops  cyprinoides,  Polynemus  tetradactylus 
and  Trachinotus  carolinus,  are  also  not  reported  to  feed  upon  the  adult  crabs  ( Jhingran 
1975).  Crabs  are,  in  general,  unwanted  organisms  in  any  culture  ponds  because  of  their 
habit  of  burrowing  and  thus,  spoiling  the  pond  embankment,  as  well  as  harming  the 
young  ones  of  cultured  fish  with  their  chelate  legs. 

P.  canius  was  observed  to  be  actively  preying  upon  the  crabs.  Its  presence  in  the  pond 
would  be  of  immense  use  in  controlling  the  crab  population.  Thus,  this  species  can  be 
used  as  a  biological  control  for  crabs,  a  method  always  preferable  to  other  methods,  like 
chemical  etc  in  any  aquaculture  operation. 

(ii)  Introduction  of  any  other  species  offish  for  culture,  along  with  Lates  calcarifer,  is 
difficult  in  view  of  its  predaceous  habit.  But  P.  canius  can  well  withstand  this  hazard 
because  of  its  strong  pectoral  and  dorsal  spines  which  can  protect  it  from  being 
predated  upon.  Moreover,  P.  canius  being  a  bottom  feeder,  would  feed  in  a  different 
niche,  on  a  different  food  item  and  would  not  compete  with  the  column  feeding  Lates 
calcarifer.  It  can  thus  be  said  that  P.  canius  and  L.  calcarifer  are  compatible  species  for 
brackishwater  culture  ponds. 

(iii)  The  narrow  gape  of  the  mouth  of  P.  canius  prevents  it  from  predating  upon  fish 
beyond  a  certain  size.  This  species  can  therefore  be  introduced  for  culture  with  other 
brackishwater  fish  species,  when  they  have  attained  a  certain  size.  In  such  ponds  it 
would  utilise  the  unutilised  food  resource  (crab  and  molluscs)  and  act  as  a  'police  fish', 
besides  adding  to  the  total  production.  This  role  of  this  species  can  be  compared  to  that 
of  Notopterus  chitala  in  freshwater  aquaculture  (Chaudhuri  et  al  1975). 

The  above  points  amply  prove  that  P.  canius  can  be  cultured  in  brackishwater  ponds 
without  competing  with  other  cultured  species.  Of  course,  the  species  cannot  be 
cultured  in  such  brackishwater  ponds  where  prawns  are  also  being  cultured.  The  points 
amply  justify  that  P.  canius  would  be  a  welcome  addition  to  brackishwater  culture.  Its 
culture  is  worth  trying  in  the  field  by  aquaculturists  and  might  provide  a  breakthrough 
in  solving  one  of  the  important  problems  of  brackishwater  fish  farming  i.e.  crab  control. 
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Abstract.  In  a  factorial  design  of  experiment,  effects  of  feeding  frequency  on  food  utilization 
were  studied  in  Channa  striatus.  Feeding  frequency  is  positively  related,  whereas  density  is 
negatively  related  to  the  tested  energetics  components;  absorption  efficiency  remains 
independent  of  both  feeding  frequency  and  density.  Based  on  the  minimum  water  requirement, 
a  fish  pond  with  an  average  depth  of  1-5  m  and  an  area  of  1  ha  could  be  stocked  with 
H5  million  fry  of  C.  striatus,  of  size  3  g.  There  is  a  significant  interaction  between  feeding 
frequency  and  density  suggesting  that  adverse  effects  of  density  could  be  compensated  by 
increasing  the  frequency  of  feeding. 

Keywords.  Feeding  frequency;  density;  Channa  striatus,  food  utilization;  air-breathing 
murrel. 


1.    Introduction 

In  intensive  fish  culture,  feeding  frequency  and  population  density  are  two  potential 
factors,  which  greatly  affect  growth  and  production.  Frequent  feeding  has  been 
reported  to  improve  the  growth  (Kono  and  Nose  1971;  Andrews  and  Page  1975; 
Grayton  and  Beamish  1977;  Chua  and  Teng  1978).  However,  increasing  the  frequency 
of  feeding  beyond  a  level  might  lead  to  considerable  wastage  of  food  and  increase  the 
production  cost.  Secondly,  total  fish  production  can  be  enhanced  by  increasing  the 
initial  stocking  density.  Nevertheless,  growth  rate  declines  with  increasing  density 
(Refstie  and  Kittelsen  1976;  Andrews  et  al  1971;  Andrews  1972;  Houde  1977; 
Trezebiatouski  et  al  1981)  which  will  affect  the  final  mean  body  weight;  it  is  one  of  the 
considerations  in  consumer  preference.  Further,  although  different  authors  have 
studied  feeding  frequency  and  density  separately,  there  is  paucity  of  information  on  the 
interaction  of  feeding  frequency  and  density.  The  present  paper,  therefore,  attempts  to 
find  out  the  optimum  feeding  frequency  and  stocking  rate  as  well  as  the  interactions  of 
feeding  frequency  and  rearing  density  on  food  utilization  in  an  economically  important 
cultivable  air-breathing  fish  Channa  striatus. 


2.    Materials  and  methods 

Channa  striatus  collected  from  ponds  and  lakes  around  Palani  (Tamil  Nadu,  India) 
were  acclimated  to  the  laboratory  conditions  for  a  week.  Healthy  individuals  (660 

±  69- 1  mg)  were  sorted  out  and  randomly  divided  into  five  density  groups  with  1, 2, 4, 8 
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and  16  individuals/aquarium.  For  brevity  of  expression,  density  groups  are  hitherto 
mentioned  as  1,  2,  4,  8  and  16D  groups.  Each  density  group  was  subjected  to  five 
feeding  frequencies.  The  chosen  feeding  frequencies  and  their  notations  are  given 
below: 


Feeding  frequency  (Ff)  Notation 

_  (Ff) 

Twice  a  day  2/1 

Once  a  day  1/1 

Once  in  2  days  1/2 

Once  in  3  days  1/3 

Once  in  4  days  1/4 

Experiments  were  conducted  in  cylindrical  aquaria  (30  x  15  cm;  7  1  capacity). 
Aquarium  water  was  aerated  throughout  the  experiment  to  maintain  the  PO2  at  near 
air-saturation.  De  Roth's  (1967)  method  of  aeration  was  suitably  modified  to  minimise 
the  agitation  of  water. 

The  test  animals  were  fed  ad  libitum  with  freshly  severed  pieces  of 
Lepidocephalichthyes  thermalis.  The  food  fish  were  brought  from  the  market  at  regular 
intervals  and  maintained  in  the  laboratory.  They  were  fed  with  boiled  egg  daily.  Care 
was  taken  to  evacuate  the  gut  before  being  served  as  food.  Water  and  energy  contents  of 
the  food  (L.  thermalis)  averaged  to  78  ±6-7%  and  4663  ±67-9  cal/g  dry  weight, 
respectively. 

Test  individuals  subjected  to  twice-a-day  feeding  schedule  were  fed  at  0900  and  1900 
hrs  for  1  hr  each  and  those  belonging  to  other  feeding  schedules  at  0900  hr  for  1  hr.  At  the 
end  of  each  feeding  period,  the  unconsumed  food  pieces  were  collected  using  a  pipette. 
Fluid  loss  from  the  food  material  during  the  feeding  was  estimated  by  keeping  a  control 
separately;  it  averaged  to  6  ±  0-79  %  of  the  ingested  food,  and  suitable  corrections  were 
made  for  this  loss,  when  the  quantity  of  food  consumed  was  calculated. 

Faeces  was  collected  by  filtering  the  aquarium  everyday  before  changing  the  water. 
To  estimate  the  growth,  a  few  individuals  belonging  to  each  density  group  or  feeding 
frequency  (controls)  were  sacrificed  at  the  beginning  of  the  experiment  (Maynard  and 
Loosli  1962)  and  all  the  individuals  were  killed  at  the  end  of  the  experiment.  Dry  matter 
and  energy  contents  of  the  control  individuals  represent  those  of  the  test  animals  at  the 
commencement  of  the  experiment.  Energy  contents  of  food,  faeces^  and  test  animals 
were  estimated  in  a  Parr  1411  semi-micro  bomb  calorimeter.  All  the  experiments  were 
conducted  at  a  temperature  of  28  ±  2°C  and  at  a  photoperiod  of  12-14  hr  for  21  days 
(see  also  Sampath  and  Vivekanandan  1980). 

The  energetics  equation  followed  in  the  present  study  is  that  of  IBP  formula 
(Petrusewicz  and  Macfadyen  1970)  represented  as 


where  C  is  the  food  energy  consumed  F  the  energy  of  faeces,  U  the  nitrogenous 
excretory  waste,  P  the  growth  and  R  the  energy  released  as  heat  due  to  metabolism. 
C  was  estimated  by  subtracting  the  amount  of  unfed  from  the  total  food  offered. 
Food  energy  absorbed  (4)  was  calculated  by  subtracting  the  energy  equivalent  of  faeces 
from  that  of  C 
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Food  energy  converted  into  body  structure  (P  =  growth)  was  estimated  as  the 
difference  between  the  energy  contents  of  the  individuals  at  the  beginning  and  at  the 
termination  of  the  experiment.  Energy  expended  on  body  functions  (jR  =  metabolism) 
was  calculated  after  subtracting  the  sum  of  energy  equivalent  of  ammonia  (U)  excreted 
and  the  energy  converted  (P)  by  the  fish  from  the  energy  absorbed  (A). 


For  calculating  the  energy  loss  via  ammonia,  the  value  (1  mg  ammonia  =  5-9  cal) 
reported  by  Elliott  (1976)  was  used.  Absorption  efficiency  was  calculated  in  percentage 
relating  A  to  C.  Gross  conversion  efficiency  (KJ  was  calculated  relating  P  to  C  and 
expressed  in  percentage.  Rates  of  feeding  (Fr),  absorption  (Ar)  conversion  (Cr)  and 
metabolism  (Mr)  were  calculated  relating  the  respective  quantum  of  energy  to  the 
initial  biomass  (g)  per  unit  time  (day).  The  following  formula  was  used  to  calculate  the 
rates  of  feeding,  absorption,  conversion  and  metabolism: 

Food  energy  consumed  (C)/absorbed  (A)/ 

Rate  of  feeding/absorption/  _  converted  (P)/metabolised  (M)  (cal) 
conversion/metabolism  Initial  biomass  (g)  x  Number  of  days 

Efficiency  of  absorption  and  conversion  were  calculated  using  the  formula 

Efficiency  of  absorption/  __  Energy  absorbed  (4)/converted  (P)  (cal) 
Conversion  (  %)  Energy  consumed  (C) 


3.    Results 

Table  1  presents  data  on  effects  of  feeding  frequency  and  density  on  various  energetics 
parameters  in  Channa  striatus  .  A  positive  correlation  exists  between  the  frequency  of 
feeding  and  feeding  rate  (table  2a).  However,  food  consumption  did  not  significantly  (P 
>  0-05)  increase,  when  the  feeding  frequency  was  increased  beyond  1/1  Ff.  Whereas 
feeding  rate  and  feeding  frequency  are  positively  correlated,  density  and  feeding  rate  are 
inversely  related  (table  2a).  For  instance,  individuals  receiving  food  once  a  day  (1/1)  and 
reared  in  1, 2, 4, 8  and  16  D  groups  consumed  at  the  rate  of  261, 248, 186, 172  and  15 1  cal 
glive  fish  weight" i  day  "  *,  respectively  (table  1).  Subjecting  the  results  of  feeding  rate  to 
two-way  analysis  of  variance  reveals  that  both  feeding  frequency  and  density  as  well  as 
their  interaction  hold  significant  effect  on  feeding  rate  (table  2b). 

Absorption  rate  follows  the  trends  obtained  for  feeding  rate;  it  is  directly  related  to 
feeding  frequency  and  inversely  related  to  density  (see  table  2a).  Despite  a  6-fold 
increase  in  absorption  rate,  efficiency  of  absorption  did  not  vary  and  it  averaged  to  9 1  % 
irrespective  of  feeding  frequency  and  rearing  density.  Ponniah  (1978)  also  arrived  at  the 
same  conclusion  on  Macropodus  cupanus  that  feeding  frequency  does  not  alter  the 
absorption  efficiency.  Dawes  (1930)  reported  that  frequent  feeding  forces  food  through 
the  alimentary  canal  more  quickly  and  causes  incomplete  digestion.  In  the  present 
study,  absorption  efficiency  did  not  vary  in  different  feeding  regimes  suggesting  that 
digestion  is  not  affected  by  frequent  feeding  and  wastage  of  food  due  to  incomplete 
digestion  could  be  avoided  in  C.  striatus  culture. 

Figure  1  elucidates  the. relationship  between  conversion  rate  and  feeding  frequency 
as  well  as  rearing  density;  the  rate  is  directly  related  to  the  frequency  of  feeding  but 
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Table  1.    Effects  of  feeding  frequency  and  density  on  food  utilization  in  Channa  striatus. 


Par- 
ameter 

Density 

2/1 

1/1 

1/2 

1/3 

1/4 

Fr 

1 

207-4  ±41-3 

260-5  ±42-4 

95-6  ±12-2 

57-9  ±4-5 

40-2  +  1-5 

2 

219-5  ±46-1 

247-5  ±  0-5 

98-9  ±   3-7 

51-0  +  3-3 

36-0  ±2-3 

4 

233-3  ±  9-2 

186-4  ±   3-5 

92-5  ±  3-6 

50-5  ±3-2 

34-7  +  2-1 

8 

197-1  ±22-1 

171-7  ±12-7 

83-8  ±  2-4 

49-5  ±2-1 

33-8  +  2-1 

16 

173-3  +  23-4 

151-3  ±   6-3 

73-8  ±  2,5 

45-0  ±1-5 

30-1+2-2 

Ar 

1 

195-0  +  51-0 

233-7  ±  35-2 

87-9±ll-l 

52-5  ±3-8 

36-1  +  1-5 

2 

203-1  ±47-0 

224-0  ±   2-1 

90-2  ±   3-1 

46-6  ±2-4 

32-4  +  2-2 

4 

221  -0±  9-0 

170-4  ±  4-9 

85-6  ±  3-1 

45-9  +  2-9 

31-5  +  1-8 

8 

188-0  ±22-0 

158-4±ll-2 

75-8  ±  2-0 

42-9  ±3-4 

30-4  ±1-9 

16 

165-1  ±22-0 

140-9  ±   5-6 

66-4  ±   1-8 

40-5  +  2-0 

27-2  +  2-3 

Ae 

1 

90-4  ±  3-0 

89-8  ±  0-4 

92-0  ±  0-1 

90-6  +  0-6 

89-7+0-2 

2 

94-0  ±  2-0 

90-5  ±  0-7 

91-2  ±  0-3 

91-4+1-2 

89-7+0-6 

4 

95-1  ±   1-0 

91-4  ±  0-1 

92-5  ±  2-6 

90-7  ±0-3 

90-8+0-2 

8 

95-3  ±   1-0 

92-3  ±   0-4 

90-6  ±  0-5 

86-7  +  0-5 

90-0  +  0-6 

16 

96-2  ±   1-0 

93-0  ±  0-5 

90-0  ±  0-5 

90-0  ±2-4 

90-2  +  0-9 

Mr 

1 

103-2  ±30-8 

112-0  ±17-9 

63-2  ±   8-2 

43-8  +  2-5 

37-3  +  0-3 

2 

112-7  ±26-2  • 

110-1±  0-9 

63-2  ±  0-5 

38-9  +  2-1 

34-2  +  0-7 

4 

109-9+  3-6 

94-3  ±  4-3 

61-3  ±   1-5 

381-9  ±1-5 

33-6  +  0-7 

8 

104-7  ±  4-2 

79-7  ±  4-8 

54-6  ±  0-2 

36-6  +  3-0 

34-8  ±  1-4 

16 

99-5  ±  8-2 

75-3  ±    1-7 

48-3  ±  0-8 

35-9+1-9 

32-3  +  0-9 

Cr 

1 

76-3  ±16-1 

102-5  ±  14-4 

17-5  ±  2-0 

4-4+1-0 

-4-2  +  1-1 

2 

74-2  ±17-4 

95-5  ±    1-0 

19-6  ±  2-3 

3-9  +  0-7 

-4-5  +  1-4 

4 

93-5  ±121 

62-  1  ±   8-8 

17-3  ±   1-3 

3-2+1-1 

-4-7  +  0-9 

8 

68-3  ±16-3 

65-7  ±   5-5 

15-0  +  2-0 

2-8  ±0-1 

-6-9  ±0-4 

16 

52-2  ±12-1 

54-0  ±   3-4 

12-7±  2-4 

1-3  ±0-0 

-7-3  +  1-1 

KI 

1 

37-2  ±  5-1 

39-4  ±12-6 

18-4  ±   1-9 

7-6  ±1-3 

— 

2 

34-1  ±  4-0 

38-6  ±  0-3 

19-8  ±   1-6 

7-6+1-4 

— 

4 

40-4  ±  7-1 

33-2  ±   3-7 

18-7  ±   1-9 

6-3  +  2-1 

— 

8 

35-0  ±  7-3 

38-3  ±  0-4 

17-9  ±  2-1 

5-6  +  0-1 

— 

16 

30-  1±  4-2 

35-6  ±  2-6 

17-3  ±  2-6 

2-9  +  0-0 

— 

Each  value  represents  the  average  ( +  SD)  performance  of  three  replicates  for  each  group  maintained  for  21 
days  at  28  +  2°C.  Fr,  Ar^  Cr  and  Mr  refer  to  rates  of  feeding,  absorption,  conversion  and  metabolism 
expressed  as  cal  g  live  fish"  *  day~  *.  Ae  and  Kl  refer  to  efficiency  of  absorption  and  conversion  expressed  in 
percentage. 

Table  2a.    Correlation  coefficient  between  feeding  rate,  conversion  rate  and  efficiency  and 
feeding  frequency  and  density. 


Parameter 

Tested  factor 

r 

df 

P 

Feeding  rate 
Conversion  rate 

Conversion 
efficiency 

Feeding  frequency 
Density 
Feeding  frequency 
Density 

Feeding  frequency 
Density 

+0-874 
-0-972 
+  0-856 
-0-954 

+  0-991 
-0-963 

4 
4 
4 
4 

3 
3 

^0-05 
<0-01 
>0-05 
<0-01 

<0-01 
<0-01 

inversely  to  the  density.  It  could  be  observed  from  the  figure  that  the  lines  representing 
the  conversion  rates  of  individuals  subjected  to  1/1  and  2/1  F/fall  apart  from  those  of 
the  other  feeding  schedules.  Moreover,  the  difference  in  the  conversion  rate  between 
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Table  21?.    Summary  of  analysis  of  variance  for  the  data  on  feeding  rate,  conversion  rate  and 
efficiency. 

Source  SS  Df  MS  F  P 


Total 

459948-3 

Feeding  rate 

74                 —                         —                         — 

Between  feeding 

frequencies 

390955-6 

4 

97738-9 

212-49 

<0-01 

Between  densities 

23917-3 

4 

5979-3 

12-99 

<0-01 

Interaction 

22077-5 

16 

137979-8 

2-99 

<0-01 

Residual 

22997-8 

50 

459-9 

— 

— 

Conversion  rate 

Total 

102661-9 

74 

— 

— 



Between  feeding 

frequencies 

91322-6 

4 

22830-7 

386-44 

<001 

Between  densities 

2814-5 

4 

700-6 

11-91 

<0-01 

Interaction 

5570-9 

16 

348.2 

5-89 

<0-01 

Residual 

2953-8 

50 

59-08 

— 



Conversion 

efficiency 

Total 

10856-1 

59 

— 





Between  feeding 

frequencies 

8977-9 

3 

2992-7 

175-11 

<0-01 

Between  densities 

434-2 

4 

108-6 

6-35 

<001 

Interaction 

759-9 

12 

63-3 

3-71 

<0-01 

Residual 

683-9 

40 

17-09 

— 

— 

these  two  feeding  schedules  (1/1  and  2/1  Ff)  is  not  statistically  significant  (P  >  0-05)  in 
all  tested  densities.  In  other  words,  increasing  the  feeding  frequency  from  1/1  to  2/1  may 
not  be  economical.  Both  feeding  frequency  and  density  as  well  as  their  interaction  exert 
significant  effect  on  conversion  rate  (table  2b). 

Trends  obtained  for  gross  conversion  efficiency  as  function  of  feeding  frequency  and 
density  have  been  plotted  in  figure  2.  Individuals  subjected  to  2/1  and  1/1  Ff  clearly 
displayed  higher  conversion  efficiency  than  those  in  other  feeding  frequencies.  The 
maximum  conversion  efficiency  was  displayed  by  the  individuals  belonging  to  1/1  Ff 
schedule  in  all  the  densities  except  4  D  group.  Secondly  individuals  reared  in  low 
densities  exhibited  higher  conversion  efficiency  than  those  in  high  densities.  As  in 
conversion  rate,  individual  effect  of  feeding  frequency  and  density  as  well  as  their 
interaction  on  the  efficiency  of  conversion  are  significant  (table  2b). 


4.    Discussion 

The  results  presented  here  clearly  reveal  that  feeding  frequency  imposes  a  highly 
significant  effect  on  food  utilization  in  C.  striatus.  However,  absorption  efficiency  is 
independent  of  both  frequency  of  feeding  and  density.  An  increase  in  feeding  frequency, 
no  doubt,  increases  food  consumption  and  conversion;  however,  there  is  a  limit  to 
increase  in  feeding.  Also  there  is  a  clear  segregation  of  conversion  rate  and  efficiency 
between  the  lower  and  higher  feeding  frequencies  (figures  1  and  2).  These  parameters 
remarkably  dropped,  when  the  frequency  was  reduced  from  1/1  to  1/2  Ff.  On  the  other 
hand,  increase  in  feeding  frequency  from  1/1  to  2/1  Ffdid  not  show  any  appreciable 
improvement  in  the  performance;  in  fact,  in  low  densities,  they  fed  and  converted  less 
than  those  belonging  to  1/1  Ff  schedule.  Further,  individuals  in  the  once-a-day  feeding 
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Figure  1 .    Effects  of  feeding  frequency  and  density  on  the  conversion  rate  of  Channa  striatus. 

frequency  (1/1)  show  the  highest  conversion  efficiency  (figure  2).  Therefore,  1/1 
schedule  is  considered  optimum  for  C.  striatus.  However,  earlier  reports  indicate  a  wide 
variation  in  the  optimum  feeding  frequency.  Andrews  and  Page  (1975)  obtained  the 
highest  food  efficiency  in  the  channel  catfish  Ictalurus  punctatus  at  a  feeding  frequency 
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Figure  2.    Gross  conversion  efficiency  as  function  of  feeding  frequency  and  density  in  Channa 
striatus.  A,  B,  C  and  D  represent  Ff  of  2/1,  1/1,  1/2  and  1/3  respectively. 

of  2/1  (see  also  Crayton  and  Beamish  1977).  Chua  and  Teng  (1978)  found  1/2  F/as  the 
optimum  frequency  for  the  group  Epinephelus  tauvina.  Ponniah  (1978)  recommends 
1/1,  2/1  and  3/1  F/as  optimum  for  0-7,  0-5  and  0-1  g  M.  cupanus.  It  is  likely  that 
discrepancy  in  the  optimum  feeding  frequency  is  due  to  species  and  size  differences. 

Food  intake  is  governed  by  the  development  of  appetite,  which,  in  turn,  depends  on 
the  amount  of  food  remaining  in  the  stomach  (Brett  1971;  Pandian  1975).  The  highest 
food  consumption  observed  in  1/1  Ff  schedule  suggests  that  maximum  appetite  is 
reached  in  C.  striatus  between  12  and  24  hr  of  meal.  Nevertheless,  extension  of  food 
deprivation  time  beyond  24  hr  not  only  reduced  the  food  consumption  to  less  than 
50%  but  also  the  conversion  of  consumed  food;  the  rate  and  efficiency  of  conversion 
were  also  reduced  by  more  than  50  %. 

Contrary  to  the  effects  of  feeding  frequency,  all  the  parameters  of  food  utilization 
decrease  with  increasing  density.  Analysis  of  variance  shows  that  difference  in  the  rates 
of  feeding,  conversion,  and  efficiency  of  conversion  were  statistically  significant  (table 
2b).  The  adverse  effects  of  density  may  be  attributed  to  the  following  causative  factors: 
(i)  development  of  size  hierarchy,  (ii)  accumulation  of  metabolism  in  the  medium  and 
(iii)  availability  of  food;  Magnification  of  size  disparity  among  the  individuals  of  culture 
species,  as  the  culture  progresses  seriously  affects  the  growth  rate  of  the  population. 
Sampath  and  Pandian  (1983)  found  that  presence  of  a  few  fast  growing  individuals  of  C. 
striatus  retarded  the  growth  of  smaller  individuals  by  preventing  them  from  feeding. 
Secondly,  there  are  evidences  to  show  that  accumulation  of  metabolites  in  the  medium 
contributes  to  the  harmful  effects  of  crowding  in  fish  (Kawamoto  1961;  Groves  and 
Kogel  1973).  Among  the  several  metabolites,  ammonia  produces  serious  ill  effects. 
Accumulation  of  ammonia  affects  growth  through  several  mechanisms  such  as 
reduction  of  appetite,  damage  of  gills  and  switching  over  to  urea  excretion.  Thirdly, 
shortage  of  food  in  high  density  has  been  shown  to  limit  growth  (Brocksen  1966).  Not 
only  shortage  of  food  but  also  under  ad  libitum  conditions  in  the  laboratory,  food 
consumption  decreases  in  high  densities  due  to  competitive  interactions  among  the 
individuals  (Houde  1975). 

Although  rates  of  feeding  and  conversion  decline  with  increase  in  density,  in  the 
optimum  feeding  frequency  (1/1  Ff),  the  decrease  in  conversion  rate  becomes 
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statistically  significant,  when  increased  beyond  2  individuals/aquarium  (t  =  5-34; 
<i/=  4;  P  <  0-01).  Therefore,  culturing  2  individuals/71  of  water  will  be  profitable. 
Considering  the  mid  biomass  (2*66  g)  in  2  D  group,  it  is  evident  that  a  minimum  of  2-6 1 
of  water  is  required  for  1  g  of  C.  striatus.  Based  on  this  water  requirement,  it  has  been 
calculated  that  a  fish  pond  with  an  average  depth  of  1.5  m  (Ling  1977)  and  an  area  of 
1  ha  could  be  stocked  with  1,1 53,846  fry  of  C  striatus  or  577  kg  of  biomass  at  the  size  of 

3  g- 

Among  the  two  variables  tested,  the  feeding  frequency  is  the  dominant  factor.  It 
accounts  about  90  %  of  the  total  variation.  Further,  there  is  a  significant  interaction 
between  feeding  frequency  and  density  on  the  rates  of  feeding  and  conversion  and 
efficiency  of  conversion.  As  already  stated  the  food  intake  and  conversion  decrease  with 
increasing  density.  However,  the  magnitude  of  decrease  is  less  pronounced  in  higher 
feeding  frequencies  than  in  lower  feeding  frequencies.  In  other  words,  the  adverse 
effects  of  density  could  be  compensated  by  increasing  the  frequency  of  feeding. 
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Abstract.  The  preliminary  light  microscopic  and  biochemical  study  of  the  haemolymph  of 
Oxya  hyla  hyla  records  the  presence  of  five  different  types  of  haemocytes  and  gives  a 
quantiative  estimation  of  plasma  proteins  along  with  their  gel  electrophoretic  band  patterns. 
The  higher  number  of  total  haemocyte  count  in  adult  female  compared  to  that  of  immature 
one  may  be  attributed  to  some  kind  of  synthesis  and  transport  of  proteins  or  other  yolk 
materials  during  vitellogenesis.  High  plasma  protein  concentration  during  monsoon  may  be 
associated  with  the  reproductive  maturity  of  these  insects.  The  gel  electrophoretic  pattern  of 
plasma  proteins  reveals  the  constant  presence  of  two  particular  bands  suggesting  the 
occurrence  of  lipoprotein  and  juvenile  hormone  carrier  protein. 

Keywords.  Haemolymph;  haemocytes;  plasma  protein;  vitellogenesis;  total  haemocyte 
count;  gel  electrophoresis;  lipoprotein;  juvenile  hormone  carrier  protein. 


1.     Introduction 

In  insects  the  haemoiyinph  comprising  plasma  and  haemocytes  have  been  characterised 
according  to  their  structural,  functional  and  developmental  behaviours  (Wigglesworth 
1959;  Kulkarni  and  Mehrotra  1970;  Wigglesworth  1973;  Wyatt  and  Pan  1978).  The 
widely  different  role  of  plasma  and  haemocytes  in  insect  metabolism  is  also  well 
accepted.  The  plasma  components  range  from  salts,  amino  acids,  proteins,  lipids, 
carbohydrates,  enzymes  etc.,  (Wigglesworth  1973;  Richards  and  Davies  1977). 
Wigglesworth  (1959)  summarized  most  of  the  earlier  classifications  of  the  insect 
haemocytes.  Gupta  (1979)  put  forward  a  classification  and  phylogenetic  scheme  of 
insect  haemocytes  based  primarily  on  their  morphology,  function,  stainability  at  the 
light  microscopic  and  ultrastructural  levels.  In  developing  suitable  light  microscopic 
preparation  of  the  insect  haemocytes  disodium  EDTA  (ethylene-diamine  tetraacetic  acid) 
has  often  been  used  along  with  the  classical  fixatives  as  anticoagulant  (Shapiro  1979). 
But  proper  attention  has  not  been  paid  to  understand  as  to  what  extent  EDTA  itself 
effects  the  cellular  morphology  and  nucleo-cytoplasmic  stainability. 

The  plasma  proteins  of  various  insects  have  been  characterized  at  the  molecular  level 
and  categorized  as  glycoprotein,  lipoprotein  etc.,  (Wyatt  and  Pan  1978).  Also  the 
plasma  proteins  show  both  quantitative  and  qualitative  variations  depending  on  the 
age,  nutritional  state  and/or  particular  metabolic  state  or  condition  of  the  insect  body. 
In  Schistocerca  gregaria  (Kulkarni  and  Mehrotra  1970)  the  total  number  of  plasma 
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proteins  described  are  twelve.  Recent  analysis  by  polyacrylamide  gel  electrophoresis 
has  resolved  10-30  plasma  proteins  in  an  insect  (Wyatt  and  Pan  1978).  In  female 
Locusta  migratoria  the  juvenile  hormone  carrying  lipoprotein  has  been  identified 
(Emmeric  and  Hartmann  1973)  and  it  is  established  that  the  concentration  of  the  female 
protein  (vitellogenin)  increases  just  before  oogenesis  (Chen  et  al  1976).  The  haemo- 
lymph  of  acridid  insects  is  being  studied  extensively  to  understand  the  role  of 
haemolymph  in  molting  process,  flight,  utilization  in  different  synthetic  processes, 
immune  response  etc.  The  present  paper  is  concerned  only  with  the  characterization  of 
different  plasma  protein  components  and  haemocytes  of  female  Oxyahyla  hyla,  one  of 
the  most  abundant  grasshoppers  of  Tripura. 


2.    Materials  and  methods 

Adult  female  grasshoppers  were  collected  during  monsoon  months  from  the  vicinity  of 
Agartala,  and  reared  in  the  laboratory.  The  female  insects  were  dissected  and  the 
haemolymph  collected  using  a  capillary  tube  to  study  the  plasma  protein  and  the 
haemocytes.  To  study  the  plasma  protein  content,  the  haemolymph  in  phosphate  buffer 
(0-1  M,  pH  8-5)  was  centrifuged.  The  polyacrilamide  gel  electrophoresis  was  employed 
for  separating  the  proteins  (Davis  1964).  Total  count  of  haemocytes  was  taken  and  was 
calculated  as  follows: 

„         ,          number  of  cells  counted  x  dilution  x  4000 

cell  number  =  — . 

number  of  small  squares  counted 

For  in  vitro  studies  hanging  drop  method  in  saline  EDTA  was  followed  (Gupta  1979).  For 
light  microscopic  studies  cells  fixed  by  1%  formaldehyde  with  or  without  EDTA, 
Carnoy's  fluid  (6:3:1)  or  buffered  glutaraldehyde,  were  stained  with  Haematoxy- 
lin-eosin  or  Giemsa  or  Leishman's  stain. 


3.    Observation 

In  the  adult  vitellogenic  females  of  Oxya  hyla  hyla  having  eggs  in  different  stages  of 
maturity,  the  amount  of  total  plasma  proteins  was  about  9-6  ±0-3  g/lOOml  of 
haemolymph.  Although  the  total  protein  content  was  similar  in  all  the  insects  studied,  a 
variability  in  the  relative  abundance  of  different  protein  species  in  gel  electrophoretic 
pattern  was  apparent.  A  series  of  experiments  with  different  degrees  of  freedom 
regarding  acrylamide  gel  concentration,  buffer  strength  current  intensity  and  quantity 
of  haemolymph  revealed  that  the  degree  of  separation  was  highest  when  the  gel 
concentration  was  7-5  %.  The  maximum  number  of  resolvable  protein  fractions  was  10, 
according  to  their  Rm  values.  The  relative  electrophoretic  mobility  (Rm)  values  of  the 
separated  protein  bands  were  calculated  as  follows: 

_  /distance  travelled  by  protein  band  from  origin  \ 
\  distance  travelled  by  tracking  dye  from  origin  ) 

In  10  %  gel  concentration  the  degree  of  separation  was  not  sufficient  enough  and  only 
three  different  zones  were  visible  viz  upper,  zone  I  middle,  zone  II  and  the  lower, 
zone  III.  Zone  III  was  yellowish  in  colour.  Again,  when  5  %  gel  concentration  was  used 
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the  degree  of  separation  was  higher  but  often  a  diffused  picture  was  got.  However,  the 
yellowish  band  was  a  constant  feature  having  an  Rm  value  of  about  100.  The  use  of  7.5  % 
gel  concentration  revealed  a  better  picture  although  minor  variability  remained 
regarding  the  exact  Rm  values  of  the  discrete  protein  bands  (figure  1), 

The  total  haemocyte  count  (THC)  in  adult  female  of  Oxya  hyla  hyla  was  80200 
±  105-8,  although  variability  persisted  in  relation  to  the  length  of  the  insects  studied. 
Cells  undergoing  mitosis  were  also  observed  and  the  frequency  was  about  0-2  %. 


3.1     Cell  types 

Extensive  light  microscopical  observations  using  different  fixatives  and  staining 
procedures  led  us  to  recognize  five  different  cell  types — prohaemocytes,  plasmatocytes, 
granulocytes,  sphaerulocytes  and  coagulocytes. 


3.2     Prohaemocyte 

The  prohaemocytes  are  small,  round  cells  (8-16/z,  figure  2).  The  nucleus  is  large 
(8-1 2  ju),  compact  and  occupies  most  of  the  cells  volume;  cytoplasm  is  very  scanty  and 
no  granules  are  apparently  discernable.  The  nucleus  always  stains  more  intensely  than 
cytoplasm.  The  cell  membrane  appears  to  be  smooth  in  both  living  and  stained 
preparations  (figure  5). 


3.3     Plasmatocyte 

This  cell  shows  wide  variations  in  shape,  size  and  stainability.  At  least  five  morphologi- 
cally different  variant  cells  are  encountered  (figure  2).  The  cells  (15-30^)  are  round, 
spindle-shaped  vermiform,  triangular  or  rectangular  (figures  5  and  6)  in  outline.  In 
hanging  drop  preparations,  the  large  polymorphic  cells  showed  pseudopodial  out- 


Figure  1.    Schematic  diagram  of  the  protein  bands  obtained  after  polyacrylamide  gel 
electrophoresis  of  vitellogenic  female  plasma  of  Oxya  hyla  hyla. 
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Figure  2.    Semidiagrammatic  representation  of  the  different  cell  types  of  female  Oxya  hyla  hyla. 
(i)  prohaemocytes  (ii)  plasmatocyte  of  different  types  (iii)  coagulocyte  and  (iv)  granulocyte. 


growths  which  are  often  large  and  threadlike  (figure  5).  The  length  and  breadth  of  the 
spindle-shaped  cells  (figure  4)  varies  from  7-12  \i  and  4-6  \i.  In  vermiform  cells,  the  cell 
length  may  be  much  longer.  In  all  cases  the  nucleus  is  slightly  eccentric  in  position.  In 
spindle-shaped  or  vermiform  cells  the  nucleus  is  compact,  elliptical  and  occupies  the 
central  position.  But  in  all  the  other  cell  types,  the  nucleus  is  less  compact  and  the  size 
varies  from  7-18  /z.  The  cytoplasm  shows  a  fine  granular  consistency.  No  deeply  stained 
granules  are  observed. 


3.4     Granulocyte 

The  granuiocytes  are  round  oval  cells  (19  ±3  ju  dia.),  larger  than  the  prohaemocytes 
(figure  2).  The  nucleus  (15  +  2  /x  dia.)  is  centrally  placed,  compact  and  round  or  slight 
elongated  in  outline.  These  cells  do  not  show  pseudopodial  outgrowths  in  hanging  drop 
preparation.  The  cytoplasm  is  packed  with  large  eosinophilic  granules.  The  size  of  the 
granules  is  not  fixed  and  the  degree  of  eosinophilia  varies  (figure  3). 
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Figures  3-6.  (Giemsa  preparation  x  900).  3.  Different  cell  types  present  in  a  clustei 
Prohaemocytes,  plasmatocytes  are  visible.  The  arrow  indicate  the  granulocyte  along  wit 
granules.  .4.  Prohaemocyte  (arrow)  and  different  types  of  plasmatocytes  present  in  th 
haemolymph  of  Oxya  hyla  hyla.  5.  Detailed  view  of  the  different  types  of  plasmatocytes.  Th 
pseudopodial  outgrowths  are  clearly  visible.  6.  Coagulocyte  of  Oxya  hyla  hyla. 

3.5     Sphaerulocyte 

The  sphaerulocytes  are  slightly  larger  than  the  granulocytes  and  engorged  wit! 
spherical  granules  which  makes  the  nucleus  almost  obscure.  The  granules  ar 
sometimes  released  out  of  the  cell. 
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3.6    Coagulocyte 

These  cells  are  large  in  size  (16-7-18  u),  round  or  oval.  The  plasma  membrane  is  smooth. 
The  deeply  stained  nucleus  is  large  (9-1 1  u)  with  sharp  outlines  and  some  rod  like 
structures  are  noted.  No  granular  structures  are  found  in  the  cytoplasm  (figure  6). 

4.    Discussion 

The  present  study  shows  that  the  plasma  protein  concentration  is  very  high  during  the 
monsoon  months  but  its  maximum  value  does  not  exceed  10  g/100  ml  of  haemo lymph. 
This  high  protein  concentration  could  be  related  with  the  reproductive  maturity  of  the 
insects,  as  this  also  supports  the  fact  that  the  female  grasshoppers  studied  were  in  pre- 
vitellogenic  or  just  vitellogenic  stages  of  reproductive  cycle.  It  is  also  clear  that  the 
degree  of  separation  of  the  protein  components  varies  with  the  acrylamide  gel 
concentration  and  only  7-5  %  gel  concentration  separates  these  10  fractions  distinctly. 
Using  different  gel  concentrations  (3-5,  4-5  and  7%),  Patel  (1971)  showed  that  a 
particular  protein  fraction  which  appears  as  a  single  band  in  7  %  gel  concentration 
could  be  separated  into  3  sub-fractions  when  electrophoresed  in  3-5%,  4-5%  gel 
concentrations. 

Regarding  the  presence  or  absence  of  the  different  bands  it  is  apparent  that  the 
yellowish  band  having  Rm  value  96  ±  2  is  a  constant  feature  in  all  situations.  Such  a 
band  has  also  been  reported  in  Locusta  migratoria  and  Schistocerca  gregaria  (Kulkarni 
and  Mehrotra  1970;  Emmerich  and  Hartmann  1973).  Again,  the  protein  band  with  Rm 
value  100  is  also  a  constant  feature,  such  a  situation  has  also  been  reported  in 
Hyalophora  cecropia,  Schistocerca  gregaria  and  Locusta  migratoria  (Thomas  and 
Gilbert  1968;  Kulkarni  and  Mehrotra  1970;  Emmerich  and  Hartmann  1973).  From  the 
present  findings,  it  may  be  suggested  that  in  Oxya  hyla  hyla,  like  Locusta  migratoria  the 
lipoprotein  fraction  serves  as  a  carrier  of  juvenile  hormone.  The  most  plausible 
hypothesis  explaining  the  findings  is  that  these  protein  fractions  in  females  is  related 
with  the  reproductive  maturity. 

In  the  present  study  of  female  Oxya  hyla  hyla  the  total  THC  is  80200  ±  105-8.  The 
insects  were  all  pre-vitellogenic  or  early  vitellogenic  in  nature.  It  could  be  assumed  that 
this  rise  in  THC  may  be  related  with  the  process  of  vitellogenesis  and  most  probably  the 
haemocytes  are  engaged  in  some  synthesis  and  transport  role  of  protein  or  other  yolk 
materials.  The  haemocytes  are  highly  pleomorphic  and  the  particular  form  they  present 
at  any  one  time  depends  on  the  age,  developmental  stages  as  well  as  on  the  methods  of 
collection  and  examination.  The  hanging  drop  preparation  reveals  many  details 
regarding  the  haemocyte  structure  and  alterations.  The  cells  undergo  regular  changes 
of  form  pseudopodial  outgrowths.  EDTA  has  already  been  recommended  as  an 
anticoagulant  (Shapiro  1979).  Regarding  the  use  of  EDTA,  the  present  study  de- 
monstrated that  the  stainability  is  altered  to  some  extent,  causing  blackening  of  both 
the  cytoplasmic  and  nuclear  materials. 

While  considering  the  presence  of  different  cell  types,  it  is  noted  that  the 
plasmatocytes  are  the  most  abundant  variety  among  the  haemocytes  showing  wide 

range  of  structural  variability.  We  have  noted  only  5  types  of  haemocytes 

prohaemocytes,  plasmatocytes,  granulocytes,  sphaerulocytes,  and  coagulocytes.  This 
finding  differs  from  the  observations  of  Hoffman  et  al  (1969),  on  Locusta  migratoria. 
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At  present  altogether  seven  haemocyte  types  have  been  recognized  and  described  in 
different  insect  orders.  The  previously  named  haemocytes  are  amoebocytes  and/or 
plasmatocytes,  sphaerulocytes,  granulocytes  etc.  The  morphologically  variable  cell 
types  have  been  correlated  with  their  phylogeny  and  functional  variation.  The  presence 
of  dividing  haemocytes  in  circulation  is  similar  to  earlier  observations  and  suggestions 
(Jones  1956;  Shapiro  1979).  The  low  frequency  may  be  due  to  the  fact  that  only 
metaphase  plates  were  counted.  Finally  the  presence  of  all  sorts  of  structures, 
intermediate  cells  between  prohaemocytes  and  plasmatocytes  supports  the  main 
haemocyte  differentiation  pathway  suggested  by  Arnold  (1974)  and  Gupta  (1979). 
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Abstract.    The  development  of  foetal  membranes  and  the  changes  in  the  structure  of  the 
placenta  in  the  bat  Miniopterus  schreibersii  fuliginosus  is  described.  The  study  reveals  that 
M.  schreibersii  fuliginosus  exhibit  developmental  characters  not  matched  by  any  other 
y         mammal  let  alone  any  other  bat. 

Keywords.    Miniopterus    schreibersii   fuliginosus;     morphogenesis;    foetal    membrane; 
placentation 


1.    Introduction 

The  information  concerning  the  embryology  of  Miniopterus  schreibersii  is  restricted  to 
an  erroneous  account  of  the  development  of  the  amnion  (Da  Costa  1920)  and  brief 
descriptions  of  a  part  of  the  placenta  during  mid-pregnancy  (Branca  1927;  Grosser 
1927;  Kempermann  1929).  Even  the  more  recent  information  on  the  structure  of  the 
placenta  of  M.  schreibersii  (Malassine  1970)  refers  to  a  part  of  the  placenta  at  about 
mid-gestation.  These  descriptions  have  failed  to  present  the  uniqueness  of  the 
development  and  the  structure  of  the  placenta  of  this  bat.  The  present  study  has 
revealed  that  M .  schreibersiifuliginosus  exhibits  developmental  characters  not  matched 
by  any  other  mammal,  let  alone  any  other  bat.  The  peculiarities  of  the  reproductive 
behaviour  and  the  early  development  and  the  process  of  implantation  of  the  blastocyst 
in  this  species  have  been  described  elsewhere  (Chari  and  Gopalakrishna  1981). 


2.    Material  and  methods 

The  specimens  of  M.  schreibersiifuliginosus  were  collected  from  the  Robbers*  cave, 
about  8km  from  Mahabaleshwar,  Maharashtra,  India  at  frequent  intervals  from 
January  to  June  1978.  Altogether  352  specimens  at  different  stages  of  pregnancy  were 
examined. 

The  female  genitalia  were  dissected  after  killing  the  specimens  with  chloroform  and 
fixed  in  various  ways  such  as  in  neutral  formalin,  Bouin's,  Carnoy's,  Rossman's  and 
Zenker's  fixatives.  In  cases  of  advanced  pregnancy  the  uterine  wall  was  slit  open  to 
enable  penetration  of  the  fixative.  After  fixation  for  24  hr  the  genitalia  were  preserved  in 
70  %  ethanol  where  necessary.  The  tissues  were  dehydrated  by  passing  through  graded 
ethanol,  cleared  in  xylol,  embedded  in  paraffin  and  sectioned  serially  at  a  thickness  of  3 
to  8  p.  For  routine  histological  study  the  sections  were  stained  with  Ehrlich's 
haematoxylin  and  counterstained  with  eosin.  A  few  selected  sections  from  each  series 
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were  stained  by  the  periodic  acid-Schiff  (PAS)  procedure  (Pearse  1968),  some  by 
Heidenhein's  Azan  technique  and  some  by  Mallory  triple  procedure. 


3.    Observations 

The  early  formation  of  the  primitive  amniotic  cavity  has  already  been  described  (Chari 
and  Gopalakrishna  1981).  Further  development  of  the  foetal  membranes  and  the 
changes  in  the  structure  of  the  placenta  are  described  here. 


3.1     Neural  groove  stage 

The  following  descriptions  refer  to  the  structure  of  the  gravid  uterus  containing  an 
embryo  in  the  early  neural  groove  stage  of  development.  Figures  1  and  6  illustrate  the  TS 
of  the  gravid  uterus.  The  embryo  was  in  contact  with  the  uterine  endometrium  on  all  its 
sides,  thus  obliterating  the  uterine  lumen  at  the  nidation  level.  The  embryonic  plate 
with  a  shallow  neural  groove  in  its  centre  was  oriented  towards  the  antimesometrial 
side  of  the  uterus.  Definitive  amniotic  folds  had  grown  dorsally  for  a  short  distance 
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Figure  1.  Semischematic  diagram  to  illustrate  the  TS  of  the  gravid  uterus  containing  an 
embryo  in  the  early  neural  groove  stage  of  development,  (bi.  om:  bilaminar  omphalopleure; 
ch-v.  pi:  chorio-vitelline  placenta;  exo:  excocoelom;  mes;  mesometrium;  u.gl:  uterine  gland;  y-s. 
c:  yolk-sac  cavity). 
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Figure  2.  Semischematic  drawing  of  a  sagittal  section  of  the  gravid  uterus  containing  an 
embryo  at  the  early  limb-bud  stage  of  development,  (all.  v:  allantoic  vesicle;  am:  amnion;  pri.  pi: 
primary  chorioallantoic  placenta;  sec.  pi:  secondary  chorioallantoic  placenta.  The  other 
legends  are  as  in  figure  1). 


from  the  margins  of  the  embryonic  disc  and  exocoelom  had  extended  into  these  folds. 
The  amniotic  cavity  was  widely  open  and  was  roofed  over  by  the  superficial  layer  of 
uterine  endometrium.  Mesoderm  had  extended  into  the  yolk-sac  wall  on  the  lateral 
sides  converting  this  segment  of  the  yolk-sac  wall  into  a  trilaminar  condition.  Vitelline 
vessels  had  extended  to  about  half  the  distance  on  the  lateral  sides  of  the  trilaminar 
omphalopleure.  Hence,  there  was  a  well  formed  chorio-vitelline  placenta  in  relation  to 
the  proximal  half  and  a  non-vascular  yolk-sac  placenta  in  the  distal  half  of  the  lateral 
wall  of  the  yolk  sac.  A  part  of  the  chorio-vitelline  placenta  adjacent  to  the  embryonic 
disc  was,  however,  abolished  due  to  the  formation  of  the  exocoelom  which  had 
separated  the  yolk-sac  splanchnopleure  from  the  chorion. 

The  trophoblast  had  penetrated  1/3  the  thickness  of  the  endometrium  on  the  lateral 
wall  of  the  uterus.  In  these  regions  the  trophoblast  could  be  distinguished  into  a  basal 
layer  of  cytotrophoblast  and  a  penetrating  mantle  of  syncytiotrophoblast.  Many 
maternal  blood  capillaries  were  markedly  enlarged  near  the  foetal  border  of  the 
placenta  on  the  lateral  sides  of  the  uterus  and  occurred  in  the  form  of  large  capillary 
loops  surrounded  by  syncytiotrophoblast  (figure  7).  In  many  places  along  the  foetal 
border  of  the  chorio-vitelline  placenta  the  cytotrophoblastic  layer  had  pushed  into  the 
syncytiotrophoblastic  zone  in  the  form  of  numerous  hollow  inpushings,  and  extra- 
embryonic  mesoderm  had  entered  into  these  hollows.  Hence,  the  foetal  surface  of  the 
placenta  had  numerous  indentations — the  chorionic  villi — between  which  lay  the 
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Figure  3.  Semischematic  diagram  of  the  sagittal  section  of  the  gravid  uterus  to  illustrate  the 
arrangement  of  the  foetal  membranes  at  the  late  limb-bud  stage  of  development  of  the  embryo. 
(Legends  as  in  previous  figures). 

enlarged  maternal  blood  capillary  loops  surrounded  by  syncytiotrophoblast  men- 
tioned above.  The  abembryonic  region  of  the  yolk-sac  wall  remained  bilaminar 
throughout  gestation  since  mesoderm  did  not  extend  to  this  region.  The  trophoblastic 
layer  in  this  region  remained  in  contact  with  the  uterine  endometrial  tissue  but  did  not 
invade  the  endometrium. 

At  a  slightly  more  advanced  neural  groove  stage  of  development  of  the  embryo 
(figure  8)  the  tail  fold  of  the  amnion  had  grown  to  about  half  the  distance  on  the  dorsal 
side  of  the  embryonic  plate,  and  the  head  fold  had  grown  for  a  short  distance. 
Mesoderm  and  exocoelom  had  entered  the  amniotic  folds  thus  separating  the  amnion 
from  the  chorion.  The  trophoblastic  layer  of  the  chorion  had  invaded  the  endometrium 
and  had  formed  a  narrow  zone  of  syncytiotrophoblast  surrounding  enlarged  loops  of 
maternal  blood  capillaries.  Thus,  a  temporary  chorionic  placenta  was  established  in 
these  regions.  The  only  change  in  the  structure  of  the  yolk  sac  was  the  extension  of 
vitelline  vessels  further  towards  the  distal  region  of  the  lateral  walls  of  the  yolk  sac 
resulting  in  the  establishment  of  the  chorio-vitelline  placenta  on  the  entire  lateral  wall 
of  the  uterus. 


3.2     Early  limb-bud  stage 

The  general  arrangement  of  the  foetal  membranes  at  this  stage  of  development  is  given 
in  figure  2.  The  foetus  had  developed  one  pair  of  limb-buds,  and  was  surrounded  by  a 
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Figure  4.  Semischematic  diagram  of  the  sagittal  section  of  a  gravid  uterus  to  illustrate  the 
arrangement  of  the  foetal  membranes  at  about  mid-pregnancy,  (ter.pl:  tertiary  chorio-allantoic 
placenta.  Other  legends  are  as  in  previous  figures). 


thin  bilaminar  amnion.  The  structure  of  the  amnion  did  not  change  during  the  rest  of 
gestation  except  that  it  expanded  progressively  as  pregnancy  advanced  to  accom- 
modate the  growing  foetus. 

The  enlargement  of  the  amnion  and  the  extension  of  the  exocoelom  had  separated  a 
part  of  the  vascular  splanchnopleure  from  its  association  with  the  placenta  on  the 
proximal  part  of  the  yolk  sac.  Hence,  the  chorio-vitelline  placenta  was  abolished  from 
this  region.  However,  it  was  present  in  relation  to  the  distal  half  of  the  lateral  sides  of  the 
yolk  sac  which  was  in  contact  with  the  uterine  wall.  The  endodermal  cells  of  the  yolk  sac 
were  cubical  and  contained  spherical  nuclei  in  the  regions  where  vitelline  vessels  had 
extended,  while  they  were  squamous  in  the  abembryonic  bilaminar  omphalopleure. 

The  allantois  had  grown  across  the  exocoelom  carrying  foetal  blood  vessels  to  the 
already  existing  chorionic  placenta  on  the  antimesometrial  side  of  the  uterus  thus 
converting  this  into  the  chorio-allantoic  placenta.  There  was  a  large  allantoic  vesicle 
which  had  expanded  on  the  foetal  surface  of  the  placenta.  This  stage  was  characterised 
by  the  development  of  two  caruncle-like  protuberances  (figure  9),  which  bulged  into  the 
exocoelom  on  the  foetal  side  of  the  placental  cup,  one  on  the  cranial  and  the  other  on 
the  caudal  side  (with  respect  to  the  maternal  uterus)  at  the  margins  of  the  chorio- 
allantoic  placenta  and  between  the  chorio-allantoic  and  chorio-vitelline  placentae. 
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Figure  5.  Semischematic  diagram  of  the  sagittal  section  of  the  gravid  uterus  to  illustrate  the 
arrangement  of  the  foetal  membranes  at  full  term.  (y-s.  spl:  yolk-sac  splanchnopleure.  Other 
legends  as  in  previous  figures). 

The  placenta  at  this  stage  was  cup-shaped  and  can  be  recognised  into  three  types  (a) 
an  extensive  primary  chorio-allantoic  placenta  on  the  antimesometrial  side  of  the 
uterus,  (b)  the  secondary  allantoic  placenta  in  the  form  of  two  caruncle-  like  structures 
mentioned  above,  and  (c)  the  chorio-vitelline  placenta  on  the  lateral  sides  of  the 
gestation  sac.  Whereas  the  foetal  mesenchyme  and  foetal  blood  vessels  entered  the 


Figures  6-10.  6.  TS  of  the  uterus  containing  an  embryo  in  the  early  neural  groove  stage  of 
development.  Arrow  points  to  the  exocoelom  and  the  region  between  the  arrowheads 
constitute  the  chorio-vitelline  placenta  ( x  50).  7.  Part  of  the  choriovitelline  placenta  at  neural 
groove  stage  of  development  of  the  embryo.  Note  the  large  cut  ends  (arrow)  of  maternal  blood 
capillary  loops  surrounded  by  trophoblast  adjacent  to  the  region  of  the  chorio-vitelline 
placenta  ( x  145).  8.  Sagittal  section  of  the  uterus  containing  an  embryo  at  very  advanced 
neural  groove  stage  of  development.  Note  the  amniotic  folds  growing  from  the  margin  of  the 
embryonic  disc.  The  tail  fold  (arrow)  has  grown  to  about  half  the  distance  and  the  head  fold 
(arrowhead)  to  a  short  distance.  The  exocoelom  has  separated  the  amniotic  folds  from  the 
chorion  ( x  52).  9.  Dissected  uterus  to  expose  the  foetal  surface  of  the  antimesometrial  side  of 
the  uterus  containing  an  embryo  in  the  early  limb-bud  stage  of  development.  Note  the  presence 
of  two  secondary  placental  discs  (arrow)  ( x  6).  10.  Part  of  the  primary  chorioallantoic 
placenta  on  the  antimesometrial  side  of  the  uterus  at  early  limb-bud  stage.  Note  the  presence  of 
cut  ends  of  numerous  primary  placental  tubules  which  are  all  nearly  of  the  same  diameter.  The 
placental  tubules  lie  within  a  mass  of  allantoic  mesenchyme  containing  foetal  capillaries 
(arrow)  (x!20). 
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placenta!  complex  in  the  primary  chorio-allantoic  placenta,  they  remained  on  the  foetal 
surface  in  the  secondary  chorio-allantoic  placenta  and  the  chorio-vitelline  placenta. 

Histologically,  the  primary  chorio-allantoic  placenta  was  composed  of  a  large 
number  of  simple  placental  tubules,  which  lay  in  a  mass  of  foetal  mesenchyme  in  which 
foetal  blood  capillaries  occurred  (figure  10).  Each  placental  tubule  consisted  of  an 
enlarged  maternal  blood  capillary  surrounded  by  two  sheaths  of  trophoblast — an  inner 
syncytiotrophoblast  and  an  outer  cytotrophoblast  (figure  11).  The  maternal  blood 
capillary  had  a  distinct  endothelial  lining  with  squamous  cells  with  darkly  staining 
nuclei.  The  endothelial  cells  of  the  maternal  capillaries  within  the  placental  tubules 
became  progressively  sparse  as  the  tubules  reached  the  foetal  borders  of  the  placenta. 
The  syncytiotrophoblast  had  basophilic,  darkly  staining  cytoplasm  and  irregularly 
scattered  nuclei,  whereas  the  cytotrophoblastic  layer  consisted  of  a  regular  row  of  cells 
with  lightly  staining  cytoplasm  and  dark  nuclei.  A  distinct  PAS-positive  membrane 
occurred  between  the  endothelial  lining  and  the  syncytiotrophoblast.  Examination  of 
serial  sections  revealed  that  a  large  number  of  maternal  blood  capillaries  emerged  out 
of  the  endometrial  tissue  and  became  surrounded  by  the  trophoblastic  sheaths  as  they 
passed  into  the  placental  zone.  While  most  of  the  capillaries  remained  unbranched,  a 
few  of  them  broke  into  one  or  two  branches.  Hence,  most  of  the  placental  tubules  were 
very  nearly  of  the  same  calibre.  The  capillaries  within  the  placental  tubules  returned  to 
the  endometrium  after  passing  through  the  mass  of  foetal  mesenchyme  and  joined  large 
maternal  channels  in  the  endometrium.  Hence,  the  placenta  appeared  to  be  composed 
of  numerous  capillary  loops  surrounded  by  trophoblastic  layers  and  embedded  in 
foetal  mesenchyme.  Some  of  the  nuclei  of  the  syncytiotrophoblast  in  a  few  placental 
tubules  were  in  the  process  of  disintegration,  and  the  disintegrated  nuclei  appeared  in 
stained  sections  of  the  placental  tubules  as  a  band  of  darkly  staining  row  of  granules 
embedded  in  the  syncytiotrophoblastic  lamina  in  line  with  the  circle  of  the  intact  nuclei 
of  the  syncytiotrophoblastic  layer. 

The  two  small  caruncle-like  structures  mentioned  earlier  were  the  forerunners  of  the 
secondary  chorio-allantoic  placental  discs  which  were  formed  by  the  hyperplasia  of  the 
periplacental  syncytiotrophoblast  and  the  underlying  endometrial  stromal  tissue.  The 
caruncles  bulged  towards  the  foetal  side  of  the  placental  cup  (figure  12).  The  cells  of  the 
endometrium  had  also  undergone  hypertrophy  and  vacuolation  and  there  were 
numerous  small  fluid-filled  intercellular  spaces  in  this  region.  The  layer  of  cytotropho- 
blast, which  was  in  continuation  with  the  cytotrophoblastic  layer  of  the  primary  placenta 
and  the  chorio-vitelline  placenta,  formed  the  superficial  coat  on  the  foetal  surface  of  the 
caruncle.  There  was  a  mass  of  allantoic  mesenchyme  with  a  few  foetal  blood  capillaries 
on  the  foetal  surface  of  the  caruncle  (figure  13). 


3.3     Late  limb-bud  stage 

The  arrangement  of  the  foetal  membranes  at  this  stage  is  illustrated  in  figures  3  and  14. 
The  foetus  had  developed  two  pairs  of  limb-buds.  Exocoelom  had  expanded  and 
extended  to  the  lateral  sides  of  the  yolk-sac  wall  resulting  in  the  complete  separation  of 
the  vascular  splanchnopleure  from  the  chorion  resulting  in  the  abolition  of  the  chorio- 
vitelline  placenta.  The  separated  yolk-sac  splanchnopleure  had  undergone  partial 
collapse  and  was  pushed  towards  the  abembryonic  bilaminer  omphalopleure.  The 
histological  structure  of  the  yolk-sac  wall  had  not  undergone  any  noticeable  change 
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Figures  1 1-15.  11.  A  few  of  the  primary  placental  tubules  at  early  limb-bud  stage  to  show 
the  presence  of  maternal  endothelial  cells  (arrowhead),  syncytiotrophoblast  (thick  arrow)  and 
cytotrophoblast  (thin  arrow)  ( x  550).  12.  TS  of  the  gravid  uterus  containing  an  embryo  in  the 
early  limb-bud  stage  of  development.  The  choriovitelline  placenta  (arrow)  occurs  on  the  lateral 
sides  of  the  gestation  sac.  Arrowhead  points  to  the  secondary  chorio-allantoic  placental 
caruncle.  ( x  43).  13.  TS  of  the  uterus  containing  an  embryo  in  late  limb-bud  stage  of 
development.  Arrow  points  to  the  primary  placenta  and  the  arrowhead  to  the  secondary 
chorio-allantoic  placenta.  ( x  20).  14.  The  secondary  placental  caruncle  at  early  limb-bud 
stage.  Note  the  presence  of  foetal  mesenchyme  and  allantoic  capillaries  lying  on  the  foetal  side 
of  the  secondary  placental  bulge.  (  x  84).  15.  Foetal  surface  of  the  dissected  uterus  at  late 
limb-bud  stage  to  show  the  presence  of  two  secondary  placental  caruncles  at  late  limb-bud 
stage  of  development  ( x  4-5). 
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over  the  previous  stage.  In  the  bilaminer  segment  of  the  yolk-sac  wall  the  cells  of  the 
trophoblast,  which  were  in  close  apposition  with  the  uterine  endometrial  tissue,  had 
hypertrophied  and  had  become  cubical  to  columner. 

The  allantoic  mesenchyme  carrying  foetal  blood  vessels  had  spread  on  the  entire 
foetal  surface  of  the  placenta  thereby  converting  the  entire  placenta  into  the  chorio- 
allantoic  placenta.  In  sectional  views  the  allantoic  vesicle  appeared  like  a  crescentic 
space  in  the  allantoic  mesenchyme  between  the  amnion  and  the  placenta. 

The  chorio-allantoic  placenta  could  be  recognised  into  two  types  (a)  the  bowl-shaped 
primary  chorio-allantoic  placenta  occupying  a  wide  area  of  the  uterine  wall  on  the 
antimesometrial  side  of  the  uterus,  and  (b)  two  secondary  chorio-allantoic  placental 
discs,  one  on  each  side  of  the  primary  allantoic  placenta  (figure  15).  The  structure  of  the 
primary  placenta  was  similar  to  that  in  the  previous  stage. 

The  secondary  placental  caruncles  had  enlarged  and  had  become  discoid.  One  or  two 
afferent  maternal  blood  vessels  coming  from  the  uterine  endometrium  passed  through 
the  entire  thickness  of  the  disc  and,  after  reaching  the  foetal  border  of  the  disc,  broke  up 
into  several  branches  which  ran  in  all  directions  along  the  foetal  border  of  the  disc.  All 
along  their  length  they  opened  into  small  capillaries  which  returned  the  blood  to  large 
veins  deep  in  the  endometrium.  The  cytotrophoblastic  layer  had  been  pushed  from  the 
foetal  surface  of  the  placental  disc  deep  into  the  syncytiotrophoblastic  zone  of  the  disc 
in  the  form  of  numerous  hollow  villi  into  which  foetal  mesenchyme  had  entered  (figure 
16). 


3.4     Mid-pregnancy 

The  general  topography  of  the  foetal  membranes  at  this  stage  is  illustrated  in  figure  4. 
The  yolk  sac  had  undergone  further  collapse  and  the  endodermal  cells  of  the  vascular 
splanchnopleure  had  hypertrophied  and  had  become  cubical,  each  with  a  large  centrally 
placed  nucleus.  The  mesodermal  cells  also  had  hypertrophied,  but  to  a  lesser  extent,  and 
its  wall  on  the  foetal  side  was  adhering  to  the  amnion  in  some  places. 

The  chorio-allantoic  placenta  could  be  recognised  into  three  kinds  at  this  stage  (a)  the 
primary  placenta  on  the  antimesometrial  side  of  the  uterus,  (b)  two  secondary  placental 
discs,  and  (c)  a  tertiary  placenta  embedded  within  each  of  the  secondary  placental  discs. 
The  primary  and  the  secondary  placentae  bore  the  same  topographical  relationships  as 


Figures  16-21.    16.    Part  of  the  foetal  surface  of  the  secondary  placental  disc  at  late  limb-bud 
stage  of  development.  Note  the  invasion  of  foetal  mesenchyme  into  the  disc  ( x  280). 

17.  Sagittal  section  of  the  antimesometrial  part  of  the  uterus  at  mid-pregnancy  to  show  the 
primary  placenta  (arrow)  and  two  secondary  placental  discs  on  either  side  of  it  ( x  10). 

1 8.  Foetal  surface  of  the  placenta  at  about  mid-pregnancy.  Note  the  two  secondary  placental 
discs  (arrow)  ( x  4-5).  19.    Primary  placental  tubules  at  mid-pregnancy.  Note  the  absence  of 
the  endothelial  lining  and  the  disintegration  of  most  of  the  nuclei  of  syncytio  trophoblast  which 
occur  in  the  form  of  numerous  darkly  staining  granules  forming  a  dark  band  (arrow). 
Arrowhead  points  to  the  layer  of  cytotrophoblast  ( x  550).  20.    The  junction  between  the 
secondary  placental  disc  and  the  remnants  of  the  uterine  endometrium  at  mid-pregnancy  to 
show  the  formation  of  the  tertiary  placenta  in  the  form  of  large  lacunae  (arrow).  The  secondary 
placenta  is  composed  of  a  network  of  tubules  ( x  1 20).  21.    Part  of  the  secondary  placenta  at 
mid-pregnancy.  Note  the  presence  of  maternal  endothelial  cells  (arrowhead)  inside  the 
placental  tubules  (x  160). 
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in  the  previous  stage  except  that  the  secondary  placental  discs  had  enlarged  and  had 
partly  encroached  on  the  primary  placenta  (figures  17  and  18).  The  beginnings  of  the 
tertiary  placenta  were  noticeable  deep  inside  the  secondary  placental  discs  in  the 
junctional  zone  between  the  placental  discs  and  the  uterine  endometrium. 

The  only  apparent  change  in  the  histology  of  the  primary  placenta  was  the 
disintegration  of  most  of  the  nuclei  of  the  syncytiotrophoblast  to  form  darkly  staining 
granules,  which,  in  stained  sections  of  most  of  the  tubules,  occur  as  a  dark  band  formed 
by  the  juxtaposition  of  these  granules  in  the  center  of  the  cytoplasm  of  the 
syncytiotrophoblast  with  almost  no  nucleus  or  only  a  few  nuclei  spaced  far  from  one 
another  (figure  19).  The  cytotrophoblastic  sheath  had  also  become  considerably 
attenuated  in  most  of  the  tubules  and  occurred  in  some  places  as  a  layer  of  lightly 
stained  widely  separated  cells  surrounding  the  tubules. 

The  histology  of  the  secondary  placental  discs  had  undergone  considerable  change 
over  the  previous  stage.  Numerous  chorionic  villi,  which  had  penetrated  deep  into  the 
mass  of  the  disc  from  the  foetal  surface  of  the  disc,  had  widened  and  had  become 
branched,  and  these  branches  had  become  inter-connected  (figure  20).  Consequently, 
the  intervening  maternal  channels  invested  by  syncytiotrophoblast  had  become 
compressed  into  tubules — the  placental  tubules  of  the  secondary  placenta — which  had 
become  invested  by  an  outer  sheath  of  cytotrophoblast  belonging  to  the  invading 
chorionic  villi.  Thus,  was  formed  a  three-dimensional  network  of  placental  tubules  each 
having  a  central  maternal  blood  capillary  surrounded  by  an  inner  syncytiotrophoblas- 
tic  and  an  outer  cytotrophoblastic  sheath.  Endothelial  cells  were  present  in  the 
maternal  capillaries  within  the  placental  tubules  but  they  were  reduced  in  number  and 
were  placed  far  apart  (figure  21).  The  meshes  of  the  network  of  placental  tubules  were 
occupied  by  foetal  mesenchyme  and  foetal  blood  capillaries. 

The  syncytiotrophoblastic  mantle  on  the  maternal  border  of  the  secondary  placental 
discs  had  undergone  hyperplasia  and  had  formed  a  large  mass  of  cytoplasm  in  which 
darkly  stained  clusters  of  nuclei  occurred  randomly  (figure  22).  Numerous  maternal 
blood  capillaries  with  distinct  endothelial  lining  of  flat  cells  with  dark  fusiform  nuclei 
occurred  in  the  syncytiotrophoblastic  mass  (figure  23).  This  entire  complex  was  the 
forerunner  of  the  tertiary  placenta.  The  blood  capillaries  in  the  tertiary  placenta  were 
continuous  with  the  maternal  capillaries  in  the  placental  tubules  in  the  secondary 
placental  discs. 

At  a  slightly  more  advanced  stage  of  pregnancy  the  enlargement  of  the  secondary 
placental  discs  had  reduced  the  extent  of  the  primary  placenta  considerably  (figure  24). 


Figures  22-27.  22.  Part  of  the  utero-placental  junction  in  the  region  of  the  secondary 
chorio-allantoic  placenta  at  mid-pregnancy.  Note  the  presence  of  large  masses  of  syn- 
cytiotrophoblast (arrow)  at  the  maternal  border  of  the  secondary  placenta.  Note  also  large 
lacunae  (arrowhead)  of  the  tertiary  chorio-allantoic  placenta  (xl!2).  23.  Part  of  the 
syncytial  area  at  the  margin  of  the  secondary  placental  disc  at  mid-pregnancy.  Note  the  large 
pools  of  maternal  blood  and  the  presence  of  flat  endotholial  cells  (arrow)  bordering  the  lacunae 
(x550).  24.  Foetal  surface  of  the  chorio-allantoic  placenta  at  an  advanced  stage  of 
pregnancy.  Note  the  enlarged  secondary  placental  discs  ( x  5).  25.  A  few  degenerating  tubules 
of  the  primary  chorio-allantoic  placenta  at  advanced  pregnancy.  See  text  for  description. 
Arrow  points  to  the  cytotrophoblastic  layer  ( x  500).  26.  Section  of  the  uterus  showing  the 
relationship  between  the  secondary  placental  disc  and  the  uterine  wall  at  advanced  pregnancy. 
Arrow  points  to  the  chorionic  layer  which  has  deeply  undercut  the  placental  disc.  ( x  22). 
27.  Part  of  the  tertiary  chorio-allantoic  placenta  at  advanced  pregnancy.  ( x  100). 
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The  primary  placental  tubules  had  undergone  rapid  degeneration,  and  most  of  the  cells 
of  the  maternal  capillary  endothelial  lining,  and  nearly  all  the  nuclei  of  the 
syncytiotrophoblast,  had  disappeared  leaving  only  the  cytotrophoblastic  layer  with 
vesicular  nuclei  (figure  25).  An  endothelial  cell,  however,  could  be  located  in  a  few 
of  the  tubules.  However,  in  all  the  primary  placental  tubules  there  was  a  prominent 
FAS-positive  lamina  lining  the  lumina  of  the  tubules. 

Each  secondary  placental  disc  was  deeply  undercut  by  a  layer  of  chorion  carrying 
foetal  capillaries  from  all  the  sides.  Hence,  in  stained  sections  the  disc  appeared  to  be 
attached  to  the  uterine  wall  by  a  wide  peduncle  (figure  26).  There  was  no  histological 
change  in  the  secondary  placenta  except  for  the  attenuation  of  the  cytotroplioblastic 
layer  covering  the  placental  tubules.  This  layer  was  absent  from  many  of  the  tubules. 

There  was  a  marked  change  in  the  histology  of  the  tertiary  placenta.  The  enlargement 
and  confluence  of  adjacent  maternal  capillaries  had  resulted  in  the  formation  of  an 
interconnected  labyrinth  of  large  blood  lacunae  (figure  27)  surrounded  by  an  inner 
sheath  of  syncytiotrophoblast  and  an  outer  sheath  of  cytotrophoblast  (figure  28),  the 
latter  being  continuous  with  the  trophoblastic  layer  of  the  chorion  which  undercut  the 
placental  disc.  Due  to  the  expansion  of  the  maternal  blood  spaces  the  syn- 
cytiotrophoblastic  layer  was  compressed  to  form  a  sheath  to  the  blood  spaces.  The 
endothelial  cells  had  disappeared  from  most  of  these  blood  channels,  and  a  thick  layer 
of  homogeneous  eosinophilic  cytoplasm  formed  the  inner  lining  of  these  channels.  In  a 
few  lacunae  the  endothelial  cells  were  present  on  the  maternal  border  of  the 
eosinophilic  cytoplasmic  layer.  A  pAS-positive  dark  scarlet  discontinuous  membrane  lay 
embedded  within  the  thick  cytoplasmic  layer  in  the  wall  of  all  the  lacunae.  Allantoic 
mesenchyme  carrying  foetal  capillaries  invaded  the  tertiary  placenta  from  the  chorion, 
which  undercut  the  secondary  placental  discs,  and  occurred  between  the  walls  of 
adjacent  lacunae,  thus  effecting  the  foetal  vascularisation  of  the  tertiary  placenta. 


3.5     Full 

The  general  topography  of  the  foetal  membranes  is  illustrated  in  figure  5.  The  amnion 
closely  adhered  to  the  body  of  the  foetus  except  in  the  region  of  the  cervical  flexure 
where  a  small  fluid-filled  amniotic  cavity  persisted. 

The  yolk  sac  occurred  on  the  mesometrial  side  in  the  form  of  a  collapsed  bag  with 
highly  folded  splanchnopleure  resulting  in  the  yolk-sac  lumen  becoming  reduced  to 
narrow  spaces.  Apart  from  the  general  folding  of  the  splanchnopleure,  the  mesodermal 
layer  was  thrown  into  numerous  secondary  folds  which  projected  into  the  exocoelom 
(figure  29).  The  endodermal  layer  was  composed  of  flat  cells  with  darkly  staining 
fusiform  nuclei  in  these  regions  whereas  the  mesodermal  cells  were  large,  polygonal, 
vacuolated  and  contained  spherical  nuclei.  In  the  abembryonic  region,  where  the 
bilaminer  omphalopleure  was  in  contact  with  the  endometrium,  the  trophoblast  layer 
was  composed  of  tall  columner  cells. 

The  chorio-allantoic  placenta  consisted  of  two  large  secondary  placental  discs  lying 
one  behind  the  other  in  the  cranio-caudal  axis  of  the  uterus,  and  these  were  separated  by 
a  narrow  gap  which  was  all  that  remained  of  the  primary  placenta.  The  umbilical  cord 
was  inserted  in  the  region  of  the  primary  placenta  (figure  30).  There  was  no  allantoic 
vasicle. 

The  primary  placenta  (figure  31)  was  composed  of  a  few  placental  tubules  at  different 
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Figures  28-32.  28.  Part  of  the  tertiary  placenta  at  advanced  pregnancy.  Note  the  absence  of 
maternal  capillary  wall  within  the  lacunae.  Arrowhead  points  to  syncytiotrophoblast  and  thin 
arrow  points  to  cytotrophoblast,  thick  short  arrow  points  to  the  homogeneous  cytoplasmic 
layer  ( x  550).  29.  Part  of  the  free  yolk-sac  splanchnopleure  at  full  term.  Note  the  secondary 
folds  of  the  mesodermal  layer  (arrow)  which  projects  into  the  exocoelom.  Arrowhead  points  to 
the  cut  end  of  a  vitelline  blood  capillary  ( x  1 40).  30.  Foetal  surface  of  the  placenta  at  full  term 
to  low  the  large  secondary  placental  discs,  the  large  dark  nearly  circular  patch  in  the  middle  of 
each  disc  indicate  the  presence  of  the  tertiary  placenta  in  the  deeper  regions  of  the  secondary 
placenta  ( x  4).  31.  Part  of  the  primary  placenta  occurring  between  the  secondary  placental 
discs  (arrow)  at  full  term.  Note  the  degenerating  tubules  of  the  primary  placenta,  (x  80). 
32.  Cut  ends  of  two  of  the  partially  degenerated  tubules  of  the  primary  placenta  at  full  term. 
Note  the  thick  dark  membrane  (arrow)  forming  the  inner  membrane  of  the  tubule.  Arrowhead 
points  to  a  nucleus  of  ihe  cytotrophoblast  (PAS  staining)  ( x  550). 
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stages  of  degeneration.  The  less  degenerated  tubules  had  on  their  maternal  border  a 
thick  eosinophilic,  pAS-pasitive,  homogeneous,  discontinuous  membrane  surrounded 
by  a  sheath  of  cytotrophobiast  consisting  of  large  vacuolated  cells  containing  darkly 
stained  irregularly  shaped  nuclei  (figure  32).  The  eosinophilic  pAS-positive  membrane 
represented  the  remnants  of  the  maternal  endothelium  and  the  syncytiotrophoblastic 
layer  of  the  placental  tubules.  In  the  tubules,  which  were  in  an  advanced  stage  of 
degeneration,  the  wall  was  made  of  a  layer  of  cytotrophobiast  composed  of  large 
vacuolated  cells.  The  inter-tubular  areas  were  occupied  by  foetal  mesenchyme  and 
foetal  blood  capillaries. 

Each  secondary  placental  disc  (figure  33)  was  made  up  of  a  three-dimensional 
network  of  closely  arranged  placental  tubules  (figure  34)  each  composed  of  a  central 
maternal  blood  capillary  in  which  the  endothelial  cells  occurred  as  widely  separated 
fusiform  cells  with  small  dark  nuclei  (figure  35)  except  in  the  large  vessels  at  the 
maternal  border  of  the  disc  where  the  endothelial  cells  were  large  and  close  together. 
Each  tubule  was  surrounded  by  a  layer  of  syncytiotrophoblast,  which  occurred  as  a 
homogeneous  zone  of  cytoplasm  with  irregularly  scattered  lightly  staining  nuclei.  The 
inter-tubular  areas  were  occupied  by  foetal  mesenchyme  and  foetal  capillaries. 

There  were  two  or  three  large  pools  of  maternal  blood  surrounded  by  a  thin 
endothelial  lining  and  syncytiotrophoblast  at  the  junction  between  each  secondary 
placental  disc  and  the  tertiary  placenta  embedded  in  it  (figure  36).  Maternal  blood 
capillaries  in  the  placental  tubules  of  the  secondary  placenta  opened  into  these  large 
pools  which,  in  their  turn,  opened  into  the  lacunar  system  of  the  tertiary  placenta. 

The  tertiary  placenta  lay  embedded  deep  within  each  secondary  placental  disc  near  its 
myometrial  border,  and  consisted  of  a  labyrinth  of  inter-connected  large  lacunae 
containing  maternal  blood  (figures  -33,  and  37).  The  lacunae  were  surrounded  by  thick 
walls  composed  of  a  layer  of  darKly-:Staining  syncytiotrophoblast  with  large  spherical 
nuclei  arranged  close  together  in  a>irow  (figure  38).  The  cytotrophoblastic  layer  was 
absent  from  the  walls  of  the  lacunae.  A  few  lightly  staining  cells  abutting  against  the 
outer  surface  of  the  syncytiotrophoblastic  sheath  between  the  placenta  and  the  thin 
remnants  of  endometrium  at  the  utero-placental  junction,  and  which  were  continuous 
with  the  cells  of  the  periplacental  layer  of  trophoblast,  were  the  only  remnants  of 
cytotrophobiast.  However,  no  cytotrophobiast  was  present  in  the  lacunar  system  of  the 
tertiary  placenta.  Foetal  mesenchyme  and  foetal  blood  capillaries  occurred  in  the 
regions  between  the  walls  of  the  adjacent  lacunae.  In  sections  stained  by  PAS-procedure, 
a  dark,  thick,  scarlet,  homogeneous  layer  became  evident  in  the  inner  surface  of  the 
lacunae  (figure  39).  This  layer  is  also  intensely  eosinophilic. 

The  umbilical  cord  was  about  2  cm  long  and  was  gently  twisted  two  or  three  times 
along  its  length.  It  was  inserted  to  the  region  of  the  primary  placenta  and  broke  up  into 
two  main  branches,  one  to  each  secondary  placental  disc,  and  to  a  few  small  branches 
irrigating  the  remnants  of  the  primary  placenta.  Sections  of  the  umbilical  cord  (figure 
40)  revealed  that  there  was  no  remnant  of  the  allantoic  duct.  There  were  five  blood 
vessels  comprising  of  a  vitelline  artery,  a  vitelline  vein,  two  allantoic  arteries  and  an 
allantoic  vein,  the  last  being  the  widest  vessel  in  the  umbilical  cord. 

Four  to  five  large  maternal  blood  vessels  coming  from  the  uterine  wall  pass  through 
the  entire  thickness  of  each  secondary  placental  disc  and  after  reaching  the  foetal 
border  of  the  disc,  broke  into  several  branches  which  raidated  in  all  directions  along  the 
foetal  surface  of  the  placental  disc.  Blood  from  the  radial  vessels  trickled  into  the 
placental  tubules  through  fine  ostia  all  along  their  length.  Blood  from  the  placental 
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Figures  33-37.  33.  Section  showing  the  relationship  between  the  secondary  placental  disc 
and  the  tertiary  placenta  at  full  term.  Please  see  text  for  description  ( x  34).  34.  Part  of  the 
secondary  placenta  at  full  term  to  show  its  labyrinthine  nature  ( x  60).  35.  Cut  ends  of  a  few 
tubules  of  secondary  placenta  at  full  term.  Arrow  points  to  the  endothelial  cells  of  the  maternal 
capillary  inside  the  tubule  ( x  210).  36.  Part  of  the  secondary  and  tertiary  placentae  at  full 
term.  Arrow  points  to  a  large  pool  of  maternal  blood  at  the  junction  between  the  secondary 
and  tertiary  placentae  ( x  100).  37.  Part  of  tertiary  placenta  at  full  term.  Please  see  text  for 
description  (x  130). 
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Figures  38-40.  38.  Part  of  the  tertiary  placenta  at  full  term  to  show  the  composition  of  the 
walls  of  the  lacunae  surrounding  maternal  blood  spaces.  Arrowhead  points  towards  the 
homogeneous  cytoplasmic  layer;  arrow  points  to  the  syncytiotrophoblastic  layer.  ( x  680). 
39.  A  few  of  the  lacunae  of  the  tertiary  placenta.  Note  the  dark  homogeneous  layer 
(arrowhead)  on  the  inner  surface  of  the  lacunae.  Arrow  points  towards  the  nucleus  of  the 
syncytiotrophoblast.  (PAS  staining)  ( x  550).  40.  Section  of  the  umbilical  cord  at  full  term  to 
show  the  presence  of  five  blood  vessels  ( x  410). 
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tubules  collected  into  large  pools  (mentioned  earlier)  in  the  junction  between  the 
secondary  placenta  and  the  tertiary  placenta  and  then  passed  into  the  lacunar  system  of 
the  tertiary  placenta.  Blood  from  the  tertiary  placenta  returned  to  efferent  maternal 
veins  in  the  junctional  zone  between  the  placenta  and  the  myometrium.  It  was  evident 
that  there  were  two  places  in  the  placental  disc  where  maternal  blood  accumulated 
before  it  returned  to  the  maternal  circulation.  Perhaps,  the  formation  of  these  two 
pools  of  maternal  blood  in  the  placenta  is  an  adaptation  in  this  bat  to  retain  maternal 
blood  in  the  placenta  as  long  as  possible  so  that  maximum  physiological  exchange  can 
take  place. 

The  parietal  layer  of  chorion,  which  lay  closely  abutting  against  the  lateral  wall  of  the 
uterus,  consisted  of  hypertrophied  tall  columnar  cells  with  lightly  staining  spherical 
nuclei  and  a  thin  layer  of  extra-embryonic  mesoderm  on  its  foetal  surface.  The 
trophoblastic  layer  of  the  parietal  chorion  was  in  continuity  with  the  trophoblastic 
layer  of  the  abembryonic  bilaminar  omphalopleure  and  also  with  the  periplacental 
trophoblastic  layer  between  the  placenta  and  the  myometrium. 


4.    Discussion 

The  foregoing  study  has  revealed  that  Miniopterus  schreibersii  fuliginosus  presents 
some  unique  embryological  features.  It  differs  from  all  other  members  of  the  family 
Vespertilionidae  (in  which  Miniopterus  has  been  included  so  far)  in  the  circumferential 
attachment  of  the  embryo  to  the  uterine  wall  resulting  in  the  obliteration  of  the  uterine 
lumen  at  the  level  of  gestation,  whereas  in  all  other  vespertilionids  so  far  studied  the 
embryo  is  attached  to  the  antimesometrial  side  of  the  uterus  leaving  a  part  of  the  uterine 
lumen  persisting  on  the  mesometrial  side  (Duval  1894-1896;  Ramaswami  1933; 
Wimsatt  1944,  1945;  Gopalakrishna  1949,  1950;  Phansalkar  1972;  Gopalkrishna  and 
Sapkal  1974;  Luckett  1979). 

The  literature  on  the  development  of  the  amnion  in  bats  has  been  reviewed  by  several 
workers  (Gopalakrishna  1949;  Wimsatt  1954;  Gopalakrishna  and  Khaparde  1978; 
Gopalakrishna  and  Karim  1979,  1980;  Jeevaji  1979).  Amniogenesis  in  M.  schreibersii 
-fuliginosus  appears  to  be  unusual.  While  the  primitive  amniotic  cavity  arises  as  a  small 
space  within  the  embryonic  mass  (Chari  and  Gopalakrishna  1981)  as  in  all  other  bats 
(Wimsatt  1944;  Gopalakrishna  1949;  Bhiwgade  1976;  Gopalakrishna  and  Karim  1979, 
1980;  Jeevaji  1979;  Luckett  1979)  the  rapid  expansion  of  the  embryonic  disc  tears  the 
roof  of  the  primitive  amniotic  cavity,  and,  since  the  primitive  amniotic  cavity  is  roofed 
by  the  trophoblastic  layer  overlying  the  embryonic  disc,  the  precocious  loss  of  this  layer 
before  the  trophoblast  proliferates  and  invades  the  endometrium  results  in  exposing 
the  embryonic  plate  to  the  superficial  layer  of  uterine  endometrium,  the  uterine 
epithelium  having  disappeared  earlier.  The  amniotic  cavity,  therefore,  becomes 
confluent  with  the  potential  uterine  lumen  until  the  definitive  amniotic  folds  develop 
and  fuse  on  the  dorsal  aspect  of  the  embryonic  plate.  A  parallel  situation  has  not  been 
noticed  in  any  other  bat  except  perhaps  in  Eumops  sp  (Hamlett  1947)  in  which  the 
amniotic  cavity  was  reported  to  be  roofed  over  by  the  superficial  layer  of  uterine 
endometrium  for  a  short  period. 

The  most  unique  feature  of  the  embryology  of  this  bat  is  the  mode  of  development 
and  the  ultimate  structure  of  the  chorio-allantoic  placenta.  The  early  stages  of 
development  of  the  placenta  are  similar  to  those  of  other  bats  so  far  described  (Wimsatt 
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1945,  1954,  1958;  Gopalakrishna  1950,  1958;  Gopalakrishna  and  Moghe  1960; 
Phansalkar  1972;  Sapkal  1973).  But  the  later  development  of  the  chorio-allantoic 
placenta  with  the  development  of  the  secondary  and  the  tertiary  placentae  in  an  almost 
chronological  sequence  and  their  ultimate  structure  are  unmatched  by  any  mammal,  let 
alone  any  bat.  The  primary  chorio-allantoic  placenta  is  progressively  replaced  by  two 
secondary  placental  discs,  and  the  tertiary  placenta  is  developed  within  each  of  the 
secondary  placental  discs.  The  secondary  chorio-allantoic  placenta  is  typically 
labyrinthine,  and  endotheliochorial  (Vasochorial)  and  the  tertiary  chorio-allantoic 
placenta,  which  has  no  parallel  in  any  other  mammal,  should  be  considered  as 
haemomomochorial  since  only  the  syncytiotrophoblast  is  present  in  the  walls  of  the 
lacunar  system  of  the  tertiary  placenta. 

The  placenta  of  Miniopterus  schreibersii  of  Europe  was  described  by  Branca  (1927), 
Grosser  (1927),  Kempermann  (1929)  and  more  recently  by  Mallassine  (1970).  From 
these  descriptions  it  is  evident  that  each  author  described  only  the  histology  of  the 
chorio-allantoic  placenta  at  one  or  two  stages  of  development  of  this  animal.  None  of 
the  authors,  however,  gave  a  complete  description  of  the  gestation  sac  they  studied  nor 
did  any  earlier  worker  describe  the  full  term  placenta  of  this  animal.  From  the 
descriptions  of  Branca  (1927)  and  Kempermann  (1929)  it  is  evident  that  they  were 
describing  the  pregnant  uterus  a  little  earlier  than  mid-gestation.  Apparently, 
Kempermann's  (1929)  "Haupt  Placenta"  refers  to  the  secondary  placenta  described 
here.  Malassine's  (1970)  description  also  appears  to  refer  to  a  stage  corresponding  to 
about  mid-pregnancy  before  the  development  of  the  tertiary  placenta.  His  descriptions 
pertain  only  to  the  histological  structures  of  the  secondary  placenta  (which  he  called 
"Disque  placentarie" )  corresponding  to  a  stage  a  little  before  mid-gestation.  None  of 
the  authors  knew  about  the  development  of  the  tertiary  placenta.  It  is  most  unlikely 
that  the  structure  of  the  placenta  of  Miniopterus  schreibersii  of  Europe  can  be  so 
different  from  that  of  the  Indian  sub-species  of  Miniopterus  schreibersii.  The  differences 
between  the  descriptions  of  the  earlier  authors  and  those  of  the  present  are  due  to  the 
fact  that  the  earlier  descriptions  were  based  on  the  examination  of  the  placenta  either 
before  or  at  about  mid-pregnancy.  Hence,  the  earlier  authors  missed  to  notice  the 
uniqueness  of  the  development  and  the  histological  structure  of  the  definitive  placenta 
of  Miniopterus  schreibersii. 
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Role  of  key  mortality  factors  in  overlapping  generations  of  Earias 
vittella  (Fabricius)  in  insecticides  treated  cotton  field 
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Abstract.  The  spotted  bollworm,  Earias  vittella  (Fabricius)  passed  through  four  overlapping 
generations  in  insecticides  treated  cotton  field.  The  parasitisation  due  to  Microchelonus  sp  and 
Bracon  sp  was  8-43  and  19-26%  during  first  generation.  Rogas  aligarhensis  (Quadri)  is  the 
important  larval  parasite  of  spotted  bollworm  in  Marathwada  region. 

Keywords.    Key  mortality  factors;  Earias  vittella  (Fabricius);  insecticides;  cotton  field. 


1.    Introduction  * 

The  spotted  bollworm,  Earias  vittella  (Fabricius)  is  a  serious  cotton  pest  causing  severe 
economic  losses  (Butani  1976).  To  determine  the  role  of  various  factors  (comprising  of 
environmental  parameters)  which  cause  mortality  during  different  developmental 
stages,  it  was  necessary  to  have  a  series  of  life  tables  for  a  number  of  generations  of  the 
same  or  different  population  by  measuring  density,  mortality  and  associated  factors  in 
different  parts  of  habitats  (Harcourt  1969). 


2.    Materials  and  methods 

The  sampling  techniques  and  the  plan  described  by  Harcourt  (1969)  were  followed  with 
certain  modifications.  The  first  appearance  of  spotted  bollworm,  E.  vittella  in  the  egg 
stage  was  recorded  by  regular  observations  in  the  early  morning  and  late  evening  hours. 
An  area  of  0.5  acre  SRT-1  cotton  was  regularly  sprayed  with  recommended  insecticides 
according  to  the  plant  protection  schedule  (carbaryl  50  WP  0*2  %,  quinalphos  25  EC 
0-05  %,  carbaryl  0-2  %,  phosphamidon  85  EC  0-02  %  and  carbaryl  0-2  %).  The  sampling 
for  the  egg  stage  of  overlapping  generation  was  made  15  days  from  the  start  of  regular 
generation.  The  eggs  from  the  samples  of  2  x  2  m  quadrates  were  collected  and  reared 
on  cotton  squares  after  hatching  under  laboratory  conditions.  Since  the  generations  of 
E.  vittella  overlapped  considerably  and  all  the  stages  of  pest  found  simultaneously,  the 
sampling  for  an  overlapping  generation  in  the  field  was  based  on  the  developmental 
stages  reared  in  the  laboratory.  This  generation  was  assumed  to  be  distinct  from  the 
regular  generations  of  the  pest  in  field  condition.  Sampling  of  the  entire  cotton  plants 
from  the  field  (2  x  2  m  quadrate)  was  examined  and  data  on  the  larval  population  of  the 
pest  recorded.  Ten  sample  quadrates  were  observed  for  each  larval  instar.  The 
parasitisation  of  larvae  and  pupae  due  to  different  parasites  was  observed.  The 
mortality  due  to  unknown  causes  was  also  studied. 
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3.    Results  and  discussion 

The  results  on  key  mortality  factors  of  E.  vittella  for  overlapping  generations  in  the 
insecticides  treated  cotton  field  are  presented  in  table  1.  The  parasitisation  due  to  Rogas 
aligarhensis  (Quadri),  Microchelonus  sp  and  Bracon  sp  was  52-57,  8-43  and  19-26  %  in 
III-IV  instar  group  respectively.  The  mortality  due  to  Microhelonus  sp  and  Bracon  sp 
was  16-13  and  7-84%  in  the  last  instar  group.  The  positive  trend  index  value  (1-9) 
indicated  that  the  mortality  parameters  operating  during  this  generation  were 
ineffective  in  checking  further  multiplication  of  population  in  the  next  generation.  The 
III-IV  instar  stage  was  the  most  vulnerable  for  the  larval  mortality  to  parasites 
(K  =  0-4507).  During  second  generation,  the  mortality  in  III-IV  instar  group  due  to  R. 
aligarhensis,  Bracon  sp  and  Microchelonus  sp  was  56-11, 3-16  and  3-27  %,  respectively. 
The  parasitisation  due  to  Microchelonus  sp  and  Bracon  greeni  was  4-73  and  3-55  %  in 
V-VI  instar  group.  There  was  a  positive  trend  index  (1-15)  in  the  second  generation. 
Thus,  the  trend  index  value  indicated  that  the  mortality  factors  which  operated  during 
this  generation  were  ineffective  in  suppressing  the  population  of  spotted  bollworm  on 
cotton.  The  III-IV  instar  group  had  the  maximum  contribution  towards  generation 
mortality  (K  =  0.3860).  Parasitisation  due  to  R.  aligarhensis  was  64-62  %  in  the  third 
generation.  There  was  a  positive  trend  index  (1-09).  The  III-IV  instar  group  resulted  in 
highest  contribution  (K  =  0*4513)  towards  generation  mortality.  The  population  of  E. 
vittella  was  not  observed  after  the  fourth  generation  on  cotton  and  resulted  in  zero 
trend  index  value. 

The  range  of  parasitisation  due  to  R.  aligarhensis  during  different  overlapping 
generations  ranged  from  45-03  to  64-12%.  The  population  of  E.  vittella  was 
comparatively  greater  when  there  was  a  decrease  in  the  mean  temperature,  relative 
humidity  and  rainfall  (table  2).  Dhurve  et  al  (1980)  reported  highest  parasitisation  of 
27.09  %  in  untreated  control  followed  by  insecticidal  treatment  of  endosulphan  which 
accounted  for  25-18%  parasitism.  Between  two  schedules  (one  comprising  of  only 
spray  i.e.  carbaryl,  endosulphan  and  endrin  and  the  other  predominantly  of  dusts  i.e. 
carbaryl),  spray  schedule  was  less  harmful  to  R.  aligarhensis  indicating  its  suitability  for 
integrated  control  and  the  parasite  was  able  to  account  for  around  20  %  parasitism  in 
insecticides-treated  plots  (Patel  1980).  Maninder  and  Verma  (1981)  reported  that  R. 
aligarhensis  was  not  recorded  in  cotton  fields  treated  with  recommended  insecticides. 
Patange  (1981)  observed  that  parasitism  by  R.  aligarhensis  was  highest  (33-34%)  in 
plots  treated  with  endosulphan  (0-06%)  and  lowest  (20%)  in  plots  treated  with 
cyfloxylate  (0-006%)  indicating  that  synthetic  pyrethroid  is  relatively  more  toxic  to 
natural  enemies  of  bollworms.  Patel  et  al  (1969)  reported  Ro^os  near  Rogas  pallidater 
(Thnd.),  Chelonus  heliopae  (Gupta)  and  Strebliomyia  plebeia  (Mall)  parasites  for  the 
first  time  in  India.  Thontadarya  and  Jai  Rao  (1980)  mentioned  the  possibility  of 
utilizing  R.  aligarhensis  in  the  control  of  Earias  spp  in  India.  Patel  (1983)  stated  that  R. 
aligarhensis  was  active  in  all  the  plots  except  those  treated  with  methyl  parathion  2  % 
dust.  Thus,  from  the  present  finding's  it  could  be  concluded  that  III— IV  instar  stage  was 
most  vulnerable  for  parasitisation. 
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Table  2.    Meteorological  details  for  overlapping  generations  of  E.  vittella  on  cotton  during 
1982-83. 

Mean 


Relative 

Meteorological 

Temperature 

humidity 

Rainfall 

Generation 

week 

(C°) 

(%) 

(mm) 

I 

34-38 

27-00 

69-74 

25-86 

II 

39-43 

26-77 

61-55 

14-40 

III 

43-48 

25-05 

63-17 

4-20 

IV 

49-1 

20-41 

45-76 

0-0 
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Body  weights,  sex  ratio  and  population  structure  of  the  Western 
ghat  squirrel,  Funambulus  tristriatus 
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Abstract.  Studies  were  made  on  516  specimens  of  Western  ghat  squirrel,  Funambulus 
tristriatus  collected  from  cocoa — coconut  cropping  systems  in  Western  ghat  biome  of  South 
India.  Sex  ratios,  body  weights  and  age  structure  factors  of  F.  tristriatus  are  compared  with 
sciurid  species  in  India  and  other  countries. 

Keywords.    Funambulus  tristriatus;  population  structure;  sex  ratios. 


1.    Introduction 

The  Western  ghat  squirrel,  Funambulus  tristriatus  (Rodentia:  Sciuridae)  is  a  diurnal  and 
arboreal  rodent.  It  is  a  major  pest  of  cocoa  (Theobroma  cocoa)  and  other  fruit  crops  like 
mango,  grapes,  guava  and  sapota  in  the  Western  ghat  biome  of  Kerala  and  Karnataka. 
Next  to  the  black  rat,  Rattus  rattus,  it  is  the  second  most  predominant  rodent  pest  in 
order  of  relative  abundance  (Advani  1983),  Although  75  %  of  cocoa  crop  is  being 
damaged  by  F.  tristriatus  and  jR.  rattus  combinely  in  South  India  (Advani  1983),  very 
little  information  is  available  on  the  ecology,  biology,  behaviour  and  control  of 
F.  tristriatus  (Prakash  1977).  The  present  paper  deals  with  body  weights,  sex  ratios  and 
age  structure  of  F.  tristriatus  in  general,  and  seasonal  variations  in  these  parameters  in 
particular. 


2.    Materials  and  methods 

The  squirrels  were  collected  from  June  1982  to  May  1983  from  the  coconut  and  cocoa 
plantations  in  and  around  Kasaragod  (12-30°  N  lat;  75°  E  long).  Wooden  live'  traps 
(35*5  x  10*5  x  11-55  cm)  baited  with  banana  or  coconut  were  operated  for  about  25 
days  in  each  month.  Traps  were  placed  in  a  grid  manner  on  cocoa  or  coconut  trees 
following  removal  'trap  line  method'  (Barnett  and  Prakash  1975).  The  trapped  squirrels 
were  killed  with  chloroform.  Following  Prakash  and  Kametkar  (1969),  general  and 
seasonal  patterns  in  the  body  weights,  sex  ratios  and  age  structure  were  obtained  by 
examining  their  external  and  internal  genital  parts  and  recording  their  body  weights.  To 
find  out  inter-sex  variations,  male,  and  female  populations  of  F.  tristriatus,  were 
segregated  accordingly  in  each  month.  Squirrels  weighing  above  100  g  (sexually  active), 
were  classified  as  adults,  while  animals  with  body  weights  below  100  g  were  considered 
as  subadults,  on  the  basis  of  their  genital  organs  (Purohit  1963). 
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3.    Results  and  discussion 

516  specimens  of  Funambulus  tristriatus  were  studied  and  the  month  wise  break-up  of 
the  sample  size  is  given  in  table  1.  The  average  trap  index  (rodents/ 100  traps/24  hr)  was 
23-78,  indicating  higher  level  of  infestation.  Abundance  of  protective  nesting  sites 
(coconut,  Ficus  and  fruit  trees)  and  additional  food  source  in  the  form  of  cocoa  (in 
addition  to  fruit  crops),  which  is  a  perennial  crop,  are  two  important  factors  for  survival 
and  multiplication  of  squirrels  in  higher  densities. 


3.1     Body  weights 

The  individual  body  weights  of  squirrels  varied  from  45  g  (minimum)  to  215  g 
(maximum)  in  general  population,  whereas,  among  males  and  females,  minimum  and 
maximum  body  weights  fluctuated  from  45-215  g  and  50-175  g  respectively.  On  an 
annual  basis,  males  (127-52  ±  L47  g)  were  heavier  than  females  (124-71  ±  1-78  g)  though 
the  difference  was  not  statistically  significant  (t  =  0-525,  N  —  516).  However  during 
July,  August  and  November,  the  body  weights  of  males  were  significantly  (P  <  0-05) 
higher  than  females  (table  1).  Though  the  females  collected  in  March,  September, 
October  and  December  were  heavier  than  males,  the  difference  was  negligible 
(1-91-643  g  in  mean  body  weights).  Peak  in  male  body  weights  was  observed  during  the 
monsoon  period  of  June  (135-10  ±6-15  g),  July  (143-84  ±3-50  g)  and  August  (133-47 
±4-023  g)  as  in  males  of  Northern  palm  squirrels,  Funambulus  pennanti  (Prakash  and 
Kametkar  1969).  Females  were  heaviest  during  October  (138-9  ±  3-634  g)  when  the 
reproductive  rates  are  fairly  high  (15  %  prevalence  of  pregnancy)  resulting  in  deposition 
of  fat  (Advani  and  Sujatha  1984). 
Total  body  weights  of  males  and  females  collected  during  a  month,  exhibited  peak 

Table  1.    Monthly  variations  in  the  body  weights  of  male  and  female  populations  of 
F.  tristriatus. 


Total  of  body 

Body  weights  (g  +  SE) 

t  value 

weights  (male 

Male 

Female 

—     between 
males  and 

+  female) 
/month/60 

Months 

N 

=  (g±SE) 

N 

=    (g±SE) 

females 

trap/ha 

January 

24 

13O2±4-8 

10 

127-0  +  6-8 

0-418  NS 

4394-8 

February 

27 

118-0  ±4-0 

24 

111-6  +  4-9 

0-997  NS 

58644 

March    . 

28 

126-8  ±4-2 

10 

128-8  ±5-3 

0-281  NS 

4838-4 

April 

24 

116-0  ±6-2 

18 

115-1  +  7-5 

0-091  NS 

4855-8 

May 

19 

128-4  ±8-1 

20 

128-2  ±5-3 

0-023  NS 

5003-6 

June 

24 

135-1  ±6-1 

11 

126-8  ±6-2 

0-943  NS 

4637-2 

July 

19 

143-8  ±3-5 

19 

128-2  +  5-2 

2-470  * 

5168-0 

August 

18 

133-4  +  4-0 

10 

110-5  +  8-1 

2-515  * 

3506-2 

September 

18 

122-1  ±.5-1 

14 

126-6  ±6-2 

0-560  NS 

3970-2 

October 

35 

132-3  ±5-0 

40 

138-9  +  3-6 

1-044  NS 

10186-5 

November 

29 

135-2  ±3-4 

10 

114-7  ±7-8 

2-401* 

5067-8 

December 

41 

117-0  ±4-0 

24' 

120-8  ±6-1 

0-520  NS 

7696-2 

* -Significant  at  5%  level;  NS-not  significant. 
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during  October-December  (table  i)  coinciding  with  peak  production  of  the  cocoa  crop 
in  the  Western  ghat  biome  of  India  (Anonymous  1981). 


3.2     Sex  ratios 

Males  (N  =  306)  were  captured  in  preponderance  (59-30  %)  over  females  (N  =  210)  on 
an  yearly  basis  (table  2).  Except  for  May  (48-71  %  males)  and  October  (46-56  %  males), 
males  were  collected  in  preponderance  over  females  during  the  remaining  ten  months. 
Relatively  more  trap  success  for  males  may  be  due  to  their  higher  exploratory 
behaviour  and  food  and  home  ranges  as  in  F.  pennanti  (Prakash  et  al  1968)  where  males 
explore  more  (P  <  0-05)  than  females.  Females,  which  were  represented  equally  in  the 
subadult  stage  (61-100  g;  38:37;  table  3),  are  expected  to  confine  their  food  and  home 
ranges  at  adult  stage  and  are  restricted  to  their  nests  (for  rearing  young  ones)  which  are 
maintained  mostly  on  fruit/Fzcws  trees  away  from  plantation  crops.  However,  parallel 
to  the  present  results,  Prakash  and  Kametkar  (1969)  also  observed  preponderance  of 
males  (69  %)  over  females  in  Funambulus  pennanti  populations  in  Rajas  than.  On  the 
other  hand,  among  Fox  squirrels,  Sciurus  niger  rufiventer,  Allen  (1942)  noted  a 

Table  2.    Sex  ratio  in  the  free  living  populations  of  Funambulus 
tristriatus. 

Month  N  =       Male        Female        %  Male 


January 

34 

24 

10 

70-58 

February 

51 

27 

24 

52-94 

March 

38 

28 

10 

73-68 

April 

42 

24 

18 

57-14 

May 

39 

19 

20 

48-71 

June 

35 

24 

11 

68-57 

July 

38 

19 

19 

50-00 

August 

28 

18 

10 

64-28 

September 

32 

18 

14 

56-25 

October 

75 

35 

40 

46-66 

November 

39 

29 

10 

74-35 

December 

65 

41 

24 

63-07 

Total 

516 

306 

210 

59-30 

Table  3.    Sex  ratio  variations  among  different  weight  classes  of  F. 
tristriatus. 


Age  class 

(g) 

N  = 

Male 

Female 

%  Male 

Subadults 

40-60 

11 

7 

4 

63-63 

61-100 

75 

38 

37 

50-66 

Adults 

101-140 

286 

181 

105 

63-28 

141-220 

144 

80 

64 

55-55 
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preponderance  of  females  (66%)  at  Michigan  as  was  also  found  by  Fitch  (1948)  and 
Evans  and  Heldenried  (1943)  in  Beechy  Ground  Squirrel,  Citellus  beechevi  in 
California.  An  equal  proportion  of  male  to  female  ratio  (102: 100)  has  been  reported  in 
Red  Squirrel,  Tamiasciurus  hudsenicus  loecuax  (Layne  1954)  in  Central  New  York.  The 
X2  test  revealed  that  seasons  do  not  influence  sex  ratio  in  the  F.  tristriatus  populations 
inhabiting  Western  ghats  &2  =  0-9085  (NS)). 

3.3    Age  structure 

In  general,  16-66  %  squirrels  trapped  represented  the  subadult  population  (up  to  100  g 
body  weight),  whereas,  about  83-33  %  squirrels  were  sexually  mature  adults  (table  3). 
The  weight  class  belonging  to  121-140  g  predominated  (35-85%)  the  squirrel 
population  followed  by  the  141-160  g  class  (22-87%),  with  the  minimum  relative 
occurrence  of  181-200  and  201-220  g  groups  (0-19  %  each)  (figure  1).  Relatively  more 
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Figure  1.    Monthly  distribution  of  various  weight  classes  of  F.  tristriatus. 
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(more  than  20%)  subadults  were  represented  during  February,  April,  August  and 
December.  As  peaks  in  reproduction  of  F.  tristriatus  occur  during  February-March 
(30-41  %  pregnancy),  August  (30  %  pregnancy)  and  in  October  (15  %  pregnancy),  these 
three  periods  and  subsequent  months  result  in  a  build  up  of  subadult  populations 
(Advani  and  Sujatha  1984)  in  relatively  higher  numbers.  In  January,  June  and  July,  the 
relative  proportion  of  subadult  population  reduced  to  even  less  than  10%.  The  latter 
two  months  (June-July)  coincide  with  the  highest  rainfall  period  in  Kerala  when 
chances  of  nesting  and  weaning  young  ones  are  relatively  less.  In  F.  pennanti,  Prakash 
and  Kametkar  (1969)  found  a  ratio  of  8-7:1  for  adult  to  subadult  males  and  7:1  for 
adult  to  subadult  females.  The  present  studies  show  a  ratio  of  5:1  (adult: subadult)  in 
Western  ghat  squirrel  populations.  However,  Allen  (1942)  found  variations  in  subadult 
to  adult  ratio  during  several  years  in  Sciurus  niger  rufiventer  populations.  In  general, 
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Figure  2.    Monthly  distribution  of  various  weight  classes  of  male  and  female  populations  of 
F.  tristriatus. 
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there  is  no  seasonal  variation  in  the  adult  :subadult  ratio  (y2  =  6-65 — not  significant) 
with  regard  to  F.  tristriatus  populations. 

Among  males,  during  April,  May  and  December,  higher  relative  numbers  of 
subadults  were  trapped  (figure  2).  In  January  (4-17  %)  and  then  in  November  (3-45  %), 
their  relative  occurrence  decreased  drastically.  However,  in  July,  not  a  single  subadult 
male  was  captured.  In  females,  the  two  weight  classes  belonging  to  18 1-200  g  and 
201-220  g  were  entirely  absent.  Subadult  female  population  was  higher  (more  than 
20%)  in  January,  February,  April,  August,  November  and  December.  Not  a  single 
subadult  female  was  collected  in  March.  Though  the  female  subadults  of  F.  tristriatus 
reduced  considerably  during  May  (10  %),  June  (9  %)  and  October  (10  %),  reduction  was 
not  as  much  as  in  subadult  males  in  January  and  November. 

For  effective  management  of  squirrels,  the  results  of  the  present  and  future  studies 
may  suggest  that  (a)  When  adults  are  in  preponderance,  trapping  operations  will  be 
more  successful  keeping  in  view  the  larger  home  ranges  of  adults  resulting  in  more 
chances  of  rodent-trap  contact,  (b)  When  subadult  population  is  relatively  higher,  traps 
or  poison  bait  stations  should  be  established  closely  (on  invariably  each  cocoa  tree)  as 
home  range  of  subadults  is  restricted,  (c)  The  body  weights  per  unit  area  (ha)  will  help  in 
estimating  population  density  and  requirement  of  traps  and  poison  baits  during 
control  operations. 
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Effects  of  insecticide,  permethrin,  on  dietary  water  utilization  in 
eri-silkworm  Philosamia  ricini 
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Abstract.  Dietary  water  intake  in  Eri-silkworm  Philosamia  ricini  fed  ad  libitum  castor  leaf 
Ricinus  communis  from  hatching  to  pupation  at  26  ±  2°C  averaged  16174  mg/insect.  As  much 
as  3966  mg  of  dietary  water  is  lost  via  faeces  and  65  %  of  the  absorbed  water  is  lost  through 
transpiration  retaining  only  35  %  in  the  body.  Rates  of  water  intake,  absorption,  loss  via  faeces 
and  transpiration  decrease  from  the  1st  instar  to  Vth  instar  larvae  and  are  correlated  to  the 
increasing  body  weight  and/or  age.  Water  intake  in  P.  ricini  fed  permethrin,  a  pyrethroid 
insecticide,  treated  leaf  R.  communis  averaged  8649  mg/insect  which  is  about  50  %  less  than  the 
normal  intake.  Water  utilization  in  the  insecticide  fed  P.  ricini  is  considerably  less  than  the 
normal.  It  is  suggested,  the  mechanism  by  which  insecticide  inhibit  the  utilization  of  water 
could  be  through,  repellency,  disruption  of  feeding  physiology  and  other  chronic  toxicity 
possibly  related  to  insecticide  action. 

Keywords.    Dietary  water;  Philosamia  ricini;  Ricinus  communis\  transpiration 

1.  Introduction 

In  insects,  as  in  other  organisms,  water  is  the  fundamental  basis  of  metabolic  processes 
since  practically  all  the  processes  occur  in  aqueous  solution.  Hence,  water  is  a  very 
important  item  of  insect  diet.  Most  of  them  obtain  water  from  foodstuffs  with  fairly 
high  water  content,  such  as  foliage  and  blood  (Ross  1956).  Recent  studies  (Pandian  et  a! 
1978;  Delvi  1983)  have  shown  that  food  consumption  by  insects  supplemented  with 
water  utilization  is  required  to  know  the  important  clues  with  regard  to  the  success  of 
terrestrial  insects.  Environmental  factors  like  temperature  and  food  quality  play  an 
important  role  in  understanding  the  interaction  between  an  insect  and  its  surroundings 
(Delvi  1983).  Recent  workers  have  measured  the  effects  of  external  factors  like 
temperature,  leaf  ration  etc.,  on  water  utilization  of  Orthoptera  (Delvi  1983)  and 
Lepidoptera  (Pandian  et  al  1978).  Moore  (1967)  stressed  the  importance  of  pesticides  in 
ecological  research.  Toxicological  studies  at  the  organism  level  are  mostly  confined  to 
the  assessment  of  lethality,  fecundity  and  retardation  of  growth  and  development  of 
economically  important  insects  like  Bombyx  mori  L  (Tsujita  1950;  Watanabe  and 
Takano  1966;Kuwana^a/ 1967, 1968;Kashi  1972;Kuribayashi  1982;  Ross  and  Brown 
1982;  Pant  et  al  1982;  Pant  and  Katiyar  1983).  Little  is  known  about  the  effect  of 
insecticides  on  water  utilization  in  insects.  This  paper  reports  the  effects  of  permethrin, 
a  pyrethroid  insecticide,  on  the  water  utilization  in  Eri-silkworm  Philosamia  ricini 
(Lepidoptera:  saturniidae). 

2.  Materials  and  methods 

Gravid  females  of  P.  ricini  (collected  from  the  original  stock  maintained  separately  at 
sericulture  section — World  Bank  Research  and  Development  Project)  were  allowed  to 
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oviposit,  (Sarkar  1980)  in  the  laboratory.  Egg  layings  were  transferred  to  plastic  trays 
and  after  9-10  days,  the  freshly  hatched  larvae,  were  removed  to  separate  terraria 
(plastic  trays  size  36  x  26  x  4  cm)  and  maintained  in  the  laboratory  fed  ad  libitum  on 
castor  leaves  Ricinus  communis  at  26±2°C  and  70%  ±20zRH.  The  test  individuals  were 
separately  fed  on  (i)  fresh  castor  leaves  (ii)  leaves  treated  with  acetone  (iii)  leaves  treated 
with  permethrin  (0-2  ppm)  dissolved  in  acetone  (permethrin,  a  pyrethroid  insecticide, 
20%  EC  supplied  by  Voltas  India  Ltd.).  The  concentration  of  permethrin  was 
calculated  on  the  basis  of  active  ingredient  and  then  used. 

Fresh  leaves  of  R.  communis  were  cut  into  two  halves,  one  half  was  weighed  and  given 
to  the  larvae  and  the  other  was  used  as  control  to  determine  the  initial  water  content 
(Delvi  and  Pandian  1972).  Larvae  began  feeding  as  soon  as  the  leaf  was  offered.  Fresh 
leaves  were  offered  four  times  daily  to  minimise  the  amount  of  water  evaporating  from 
the  leaves.  However,  the  total  error  due  to  evaporation  from  leaves  if  left  for  24  hr  in  the 
terraria  is  about  3-5%  (Delvi  1983).  Daily  food  intake  was  calculated  following  the 
standard  gravimetric  method  described  by  Waldbauer  (1968).  The  total  water  intake 
(C)  (mg  water/insect/instar)  was  estimated  by  knowing  the  water  content  of  the  leaves 
offered  (Delvi  1983).  Rate  of  water  intake  is  expressed  in  mg  of  water/mg  live  weight  of 
insect/day.  Water  loss  via  defaecation-(F)  was  calculated  from  freshly  defaecated  pellets 
of  randomly  selected  larvae  on  a  glass  dish,  weighed  and  dried  at  90°C  to  weight 
constancy.  Such  estimates  were  repeated  at  different  times  of  the  day  and  on  all  days  of 
the  experiments.  Using  total  dry  faeces  weight  values,  the  total  water  loss  via 
defaecation  was  determined.  Water  lost  through  defaecation  is  expressed  in  terms  of  mg 
of  water  lost/insect/instar  and  rate  of  water  loss  through  faeces  in  mg  of  water  lost/mg 
live  weight  of  insect/day.  To  estimate  the  amount  of  water  retained  in  the  body  (P),  few 
larvae  were  dried  just  before  commencing  the  respective  feeding  experiments  and  their 
water  content  was  assumed  to  represent  the  initial  water  content  of  the  larvae  chosen 
for  the  respective  experiments  (sacrifice  method  of  Maynard  and  Loosli  1962).  The 
amount  of  water  retained  by  larvae  during  a  particular  instar  was  estimated  by 
substracting  the  initial  water  content  of  the  larvae  of  that  particular  instar  from  that  of 
terminal  larvae. 

Some  insects  obtain  atmospheric  water  through  the  integument  (Bodine  1921; 
Lugwig  1937;  Beament  1964)  and  in  a  few  cases  via  the  cloacal  ends  (Beament  1961)  or 
via  the  spiracles  (Buxton  1932).  Body  water  is  also  lost  to  the  atmosphere  through  the 
integument  or  via  the  spiracles  during  expiration  (Uvarov  1966).  The  water  losses 
through  spiracles  and  cuticles  are  not  easy  to  separate  and  both  are  usually  considered 
together  as  transpiration  (Uvarov  1966).  The  dynamic  aspects  of  these  physiological 
processes  of  absorption  of  atmospheric  water  and  transpiration  of  body  water  through 
integument  have  been  discussed  by  Wigglesworth  (1957);  Edney  (1957, 1967);  Eberling 
(1964);  Cloudsley-Thompson  (1962)  and  Beament  (1964).  The  importance  of  water 
taken  orally  released  through  metabolism  of  fat,  carbohydrate  and  protein  in  smaller 
insects,  especially  those  feeding  on  carbohydrate  rich  leaves,  is  less  (Schmidt-Nielsen 
and  Schmidt-Nielsen  1953;  Wharton  and  Arlian  1972;  Delvi  1983).  Perhaps,  P.  ricini 
acquires  the  required  amount  of  water  from  the  ingested  R.  communis  leaves. 

Water  loss  through  transpiration  (JR)  was  calculated  by  subtracting  the  water 
retained  in  the  body  (P)  from  water  absorbed  (C  -  F)  using  the  modified  IBP  formula 
C  =  F  +  P  +  R.  Water  absorbed  is  expressed  in  mg  of  water/insect/instar  and  the 
absorption  rate  in  mg  of  water/mg  live  wt  of  insect/day.  Water  absorption  efficiency 
was  calculated  in  percent  relating  (C~F)  to  the  amount  of  water  intake  (C). 
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Transpiration  is  expressed  in  mg  of  water/insect/instar  and  the  rate  of  transpiration  in 
mg  of  water/mg  live  wt  of  insect/day. 


3.    Results  and  discussion 

Total  dietary  water  budget  obtained  for  P.  ricini  fed  ad  libitum  on  fresh  leaves  of  R. 
communis  is  presented  in  figure  1,  as  a  function  of  life  stage  and  age.  In  general  the  total 
dietary  water  intake  steadily  increased  from  its  minimum  of  70-9  mg  during  the  first 
larval  period  to  as  much  as  13635-3  mg  during  the  final  larval  period,  which  amounts  to 
16174  mg  from  hatching  to  pupation.  About  97  %  of  the  total  dietary  intake  occurred 
during  the  final  two  larval  periods. 

As  the  life  stages  of  P.  ricini  included  different  number  of  days  (see  figures  1  and  2)  and 
as  the  larval  body  weight  differed  at  different  stages,  dietary  water  input  was  related  to 
the  unit  body  weight  (mg)  per  day  (see  also  Delvi  1983).  Rate  of  dietary  water  intake 
(figure  2)  steadily  decreased  from  its  maximum  of  3- 14  during  the  first  larval  period  to  a 
minimum  of  0*503  mg/mg  live  weight/day  during  the  final  larval  period.  Though  the 
total  water  utilization  (water  absorbed  or  retained  in  the  body  or  lost  through  faeces  or 
transpired)  increases  with  increase  in  body  weight  and  age,  the  rates  of  water  utilization 
always  decreased  with  increase  in  body  weight  and  age.  Therefore  these  rates,  which 
considerably  differ  in  different  larval  periods,  are  inversely  related  to  the  body  weight 
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Figure  1 .    Water  intake  and  utilization  in  P.  ricini  fed  ad  libitum  on  R.  communis  as  a  function 
of  life  stage. 
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Figure  2.    Rates  of  water  intake  and  utilization  in  P.  ricini  fed  ad  libitum  on  R.  communis  as  a 
function  of  life  stage. 


and  age  of  P.  ricini.  This  factor  has  been  neglected  by  many  authors  (see  Delvi  1983).  As 
the  metabolism  generally  follows  the  surface  rule,  it  is  evident  that  early  larval  periods 
(with  large  surface  area  per  unit  body  weight)  should  have  higher  rates  of  metabolism. 
Therefore  the  difference  in  the  rates  of  water  absorbed  or  lost  through  faeces  or 
transpired,  can  be  purely  a  function  of  the  size  of  the  insect.  This  conclusion  is 
significant  in  the  light  of  the  wide  variations  found  in  the  rates  of  water  utilization 
reported  by  previous  workers  for  insects  belonging  to  Lepidoptera  and  Orthoptera 
(Pandian  et  al  1978;  Delvi  1983). 

Dietary  water  intake  in  P.  ricini  was  16174  mg  (table  1)  from  hatching  to  pupation. 
Water  loss  may  be  via  (i)  faeces  (ii)  from  the  silk  worm  at  death  and/or  pupation  (iii) 
transpiration.  Since,  the  first  2  and  the  total  water  intake  have  been  estimated,  the 
dietary  water  loss  via  transpiration  can  be  calculated.  Almost  75  %  of  the  input  water  is 
absorbed  and  only  24*5  %  lost  through  faeces.  However,  as  much  as  65-2  %  of  the 
absorbed  water  is  lost  through  transpiration  and  only  34-8  %  is  retained  in  the  body.  A 
notable  feature  is  the  range  of  variations,  for  instance,  the  amount  of  water  input 
averaged  13635*27  mg  during  the  last  larval  period  with  SD  value  of  649*33  mg 
(coefficient  of  variation  cv  =  4-7  %).  Similarly  the  range  of  variation  was  fairly  high  for 
water  lost  through  faeces  (cv  =  6-6  %)  or  through  transpiration  (cv  =  8-9  %)  by  the 
final  instar  larvae.  Such  wide  variations  in  the  water  utilization  have  been  reported  by 
previous  workers  for  other  terrestrial  insects  (Pandian  et  al  1978;  Delvi  1983).  For 
instance,  the  monarch  butterfly  Danaus  chrysippus  retains  240  mg  of  water  during  the 
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Table  1.     Effects  of  permethrin  on  water  utilization  in  P.  ricini  fed  ad  libitum  on  R.  communis. 


Parameters 

Nontreated 
Hatching  to          Final  2 
pupation             instars 

Acetone  treated 
Final  2 
instars 

Permethrin  treated 
Final  2 
instars 

Larval  period  (day) 

24-5 

12-5 

13 

13 

Dietary  water  intake  (mg/insect) 

16173-98 

15665-67 

12515-04 

8648-70 

Water  loss  through  faeces 

(mg/insect) 

3965-44 

3885-18 

3126-72 

1821-34 

Water  absorbed  (mg/insect) 

12208-54 

11780-49 

9388-32 

6827-36 

Water  retained  in  the  body 

(mg/insect) 

4253-05 

4101-88 

2807-34 

2084-28 

Water  loss  through  transpiration 

(mg/insect) 

7955-49 

7678-61 

6580-98 

4743-08 

Water  intake  rate  (mg/mg  live 

weight/day) 

1-2372 

0-5881 

0-6785 

0-5399 

Water  loss  rate  through  faeces 

(mg/mg  live  weight/day) 

0-1525 

0-1477 

0-1493 

0-1185 

Water  absorption  rate  (mg/mg 

live  weight/day) 

1-0854 

0-4387 

0-5293 

0-4216 

Water  transpiration  rate 

(mg/mg  live  weight/  day) 

0-8632 

0-2772 

0-3831 

0-2900 

Water  absorption  efficiency  (%) 

82-38 

74-82 

77-19 

78-26 

fifth  instar  with  so  value  of  87  mg  (cv  =  36-25  %)  and  the  variations  for  water  intake,  or 
absorbed  or  lost  via  faeces  or  transpiration  ranged  from  about  9-15  %  (Pandian  et  al 
1978).  Probably,  variations  in  dietary  water  utilization  is  closely  related  to  variations  in 
the  utilization  of  matter.  A  close  relationship  exists  between  the  efficiencies  of  matter 
assimilated  and  water  absorbed  in  the  grasshopper  Poecilocerus  pictus  (Delvi  1983). 
The  faster  rate  of  water  absorption  in  ?.  ricini  during  the  first  instar  may  be  due  to  the 
high  absorption  efficiency  of  the  larvae  (82%).  The  high  transpiration  rate  of 
2-76  mg/mg  live  wt/day  (figure  2)  is  correlated  to  the  higher  rate  of  water  intake 
(3-14  mg/mg  live  wt/day)  observed  during  the  first  instar. 

Water  absorption  efficiency  averaged  824%  (table  1)  and  did  not  vary  much  from 
instar  to  instar  though  it  gradually  decreased  from  94-6  %  in  the  first  instar  to  75-3  %  in 
the  final  instar. 

Rates  of  dietary  water  loss  via  defaecation  or  transpiration  (Koidsumi  1935;  Uvarov 
1948;  Delvi  1983)  followed  the  same  trend  as  that  of  rates  of  water  intake.  The  rate  of 
water  loss  via  faeces  did  not  change  appreciably  from  instar  to  instar  and  ranged  from 
0-17  mg/mg  live  insect/day  during  the  first  larval  period  to  0-124  mg/mg  live  insect/day 
during  the  final  larval  period  (figure  2).  The  rate  of  water  loss  through  transpiration 
decreased  from  its  maximum  of  2-76  during  the  first  instar  to  a  minimum  of 
0-249  mg/mg  live  wt/day  and  averaged  0-863  mg/mg  live  weight/day. 

A  survey  of  recent  literature  reveals  the  paucity  of  information  regarding  water 
utilization  from  hatching  to  death  and  or  pupation.  The  only  paper  on  water  utilization 
published  recently  is  that  of  Delvi  (1983)  which  gives  valuable  data  on  water  utilization 
of  orthopteran  P.  pictus  at  2  different  temperature  levels.  For  comparative  purposes 
Delvi  (1983)  has  also  given  data  on  D.  chrysippis  from  hatching  to  pupation  at  32°C. 
Studies  on  D.  chryssippus  (Pandian  et  al  1978)  reveal  water  utilization  during  the  fifth 
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instar  larvae  only.  On  the  whole  the  lepidopteran  D.  chrysippus  accumulates  more  water 
through  faster  rates  of  water  intake  and  absorption,  than  P.  pictus,  to  tide  over  the  non- 
feeding  pupal  stage  (Delvi  1983). 

P.  ricini  passes  through  5  instars  in  about  24  days  with  the  final  2  instars  lasting  for 
about  13  days  (table  1).  Heavy  mortality  was  observed  during  the  first  few  instars  of 
P.  ricini  when  fed  R.  communis  with  permethrin.  Lepidopteran  larvae  consume  more 
than  97-98  %  of  the  total  food  intake  during  the  final  2  instars  (Waldbauer  1968)  and 
accumulate  sufficient  water  (Delvi  1983)  and  energy  (Delvi  and  Pandian  1971)  to  tide 
them  over  the  non-feeding  pupal  stage.  Therefore,  effects  of  insecticide  on  water 
utilization  in  P.  ricini  have  been  studied  only  in  the  last  2  larval  stages. 

The  effect  of  permethrin  on  dietary  water  utilization  in  P.  ricini  is  presented  in 
table  1.  The  larvae  took  about  13  days  to  complete  the  final  2  instars  when  fed  both 
normal  castor  leaves  and  permethrin  treated  castor  leaves  (figure  3).  It  was  necessary  to 
treat  castor  leaves  with  permethrin  dissolved  in  acetone  to  obtain  uniform  spreading  of 
permethrin  and  quick  evaporation  of  the  acetone.  However,  when  only  acetone-treated 
leaves  were  fed  to  P.  ricini,  the  water  utilization  was  affected  considerably.  Considering 
the  values  of  P.  ricini  fed  normal  castor  leaves  as  100  the  water  intake  was  79-9  or  55-2  % 
with,  acetone  or  with  permethrin.  While  acetone  itself  affected  up  to  about  20%  on 
water  intake  or  absorbed  or  lost  through  faeces  or  transpiration,  the  values  for 
permethrin  fed  P,  ricini  are  in  the  range  of  about  40-50  %  (table  1).  Hence,  permethrin 
has  considerable  effect  on  the  rates  and  efficiencies  of  water  utilization.  A  significant 
decrease  in  the  rate  (table  2)  of  water  utilization  and  production  of  smaller  pupae  and 
smaller  adult  moth,  was  observed.  Srinivasan  (1977)  reported  similar  results  for 
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Figure  3.  Effects  of  insecticide  permethrin  on  water  intake  and  utilization  in  P.  ricini  fed  ad 
libiium  on  R.  communis  during  the  final  two  instars.  (1)  Fed  non  treated  castor  leaf,  (2)  Fed 
acetone  treated  castor  leaf  and  (3)  Fed  permethrin  treated  castor  leaf. 
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Table  2.    Effects  of  permethrin  on  rates  of  water  utilization  in  P.  ricini  fed  ad  libitum  on  R. 
communis. 


Parameters 
Life  stage  (instar) 


Nontreated 
IV  V 


Acetone  treated 
IV  V 


Permethrin  treated 
IV  V 


Water  intake  rate  (mg/mg  live 

weight/day) 
Water  loss  rate  through  faeces 

(mg/mg  live  weight/day) 
Water  absorption  rate  (mg/mg  live 

weight/day) 
Transpiration  rate  (mg/mg  live 

weight/day)  0-3053       0-2490       0-5042       0-2619 

Water  absorption  efficiency  (%)        74-31         75-33         80-55         73-83 


0-673 

0-5031 

0-8439 

0-5131 

0-6272 

0-4527 

0-1714 

0-1240 

0-1642 

0-1343 

0-1431 

0-0939 

0-4988 

0-3786 

0-6798 

0-3788 

0-4843 

0-3588 

0-3298 

77-20 


0-2502 
79-31 


housefly  larva  of  M  usca  domestica;  live  weight  of  the  larva  reared  on  milk  pads  soaked  in 
0-2  %  caffeine.  Holometabolous  insects  accumulate  substantial  nutrient  reserve  during 
the  final  larval  stage;  which  are  chiefly  deposited  as  fat  and  glycogen  in  their  fat  body 
(Gilbert  1964;  Wyatt  1972).  Formation  of  small  pupae  and  adults  and  util- 
ization of  less  water  by  larvae  fed  on  permethrin  treated  castor  leaves  may  be  due  to 
the  effect  of  the  toxin  not  only  on  the  synthesis  of  the  stored  products,  but  also  of 
proteins,  an  essential  phenomenon  in  the  growth  of  organisms.  The  mechanism  by 
which  insecticides  inhibit  the  utilization  of  water  could  be  through  repellency, 
disruption  of  feeding  physiology  and  other  chronic  toxicity  possibly  related  to 
insecticide  action  (see  also  Ross  and  Brown  1982). 
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Mating  behaviour  of  two  assassin  bugs — Rhinocons  marginatus 
Fabr.  (Harpactorinae)  and  Catamiarus  brevipennis  Serv.  (Piratinae) 
(Heteroptera:  Reduviidae) 
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Abstract.  Both  Rhinocoris  marginatus  and  Catamiarus  brevipennis  perform  a  sequential 
pattern  of  mating.  The  order  of  mating  events  is  as  follows — arousal — approach — pre- 
copulatory  riding — embracing — extension  of  genitalia  and  connection  achievement  and  post- 
copulatory  acts  such  as  grooming  and  ejection  of  spermatophore  capsule  by  the  female. 
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1.    Introduction 

Mating  behaviour  among  reduviids  appears  to  be  interesting  in  several  respects  though 
not  punctuated  by  any  significant  deviation  from  the  normal  pattern  found  in  other 
insects.  In  certain  aspects,  the  reproductive  behaviour  of  Rhinocoris  marginatus  and 
Catamiarus  brevipennis  differ  from  those  reported  in  Coranus  subapterus  (Wallace 
1953),  Rhinocoris  albospilus  (Odhiambo  1959),  Zelus  exsanguis  (Edwards  1966), 
Rhinocoris  bicolor,  R.  tropicus  (Parker  1969),  Vistula  lineaticeps  (Parker  1971), 
Phonoctonus  fasciatus  and  P.  subimpictus  (Parker  1972),  Sinea  complexa,  Apiomerus 
crassipes,  Zelus  socius,  Pselliopus  cinctus  and  P.  barberi  (Swadener  and  Yonke  1973  a,  b, 
c,  1975),  Hedilocoris  tibialis,  Rhinocoris  bicolor  and  several  other  reduviid  species  of 
Ghana  (Louis  1974).  Information  on  reproductive  behaviour  of  Oriental  reduviids  is 
available  on  only  a  few  species  (Joseph  1959;  Ambrose  and  Livingstone  1978;  Ambrose 
1980).  R.  marginatus  and  C.  brevipennis  are  polygamous  and  polyandrous. 


2.    Materials  and  methods  I 


R.  marginatus  and  C.  brevipennis  are  polyphagous.  Adults  collected  from  the  field  were 
reared  on  houseflies,  camponotine  ants,  carabid  beetles  and  grasshoppers  in  separate 
plastic  containers  (7  cm  x  6  cm).  Different  batches  of  eggs,  collected  from  the 
containers  were  allowed  to  hatch  in  smaller  plastic  containers  (3  cm  x  4-5  cm),  provided 
with  wet  cotton  swabs.  The  nymphs  that  hatched  were  reared  in  separate  containers  on 
termites,  houseflies  and  camponotine  ants.  Adults  thus  raised  in  the  laboratory  were 
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kept  under  close  observation  and  their  sequential  pattern  of  mating  performance  was 
recorded.  Observations  recorded  here  relate  to  sex-starved  insects,  reared  in  total 
isolation,  under  identical  conditions. 


3.    Mating 

There  is  a  sequential  pattern  of  mating  performance  in  both  species  and  in  each  there  is 
a  marked  variation  in  the  duration  of  mating.  The  order  of  events  is  as  follows — 
arousal — approach — pre-copulatory  riding — embracing — extension  of  genitalia  and 
connection  achievement  and  post-copulatory  acts  such  as  grooming  and  ejection  of 
spermatophore  capsule  by  the  female. 

3.1  Arousal 

The  sex-starved  males  of  both  species  are  roused  to  mate  instantaneously  when  a  female 
is  sighted,  as  reported  in  Ectomocoris  tibialis  and  Acanthaspis  pedestris  (Ambrose  and 
Livingstone  1978).  Visible  excitement  is  indicated  by  outward  extension  and  raising  of 
antennae  accompanied  by  digital  juxtaposition  and  erection  assuming  a  peculiar 
pouncing  posture.  On  an  average,  the  visible  excitement  occurs  in  5  sec  in  R.  marginatus 
and  2  sec  in  C.  brevipennis.  This  excitement  is  followed  by  brisk  chasing  of  the  often 
eluding  females.  Chasing  is  vigorous,  similar  to  the  predatory  movements  in 
Catamiarus  brevipennis  as  reported  in  Vistula  lineaticeps,  Phonoctonus  fasciatus  and 
P.  subimpictus  (Parker  1971, 1972)  and  in  the  reduviids  of  Ghana  by  Louis  (1974).  In 
Rhinocoris  marginatus,  the  pre-copulatory  chasing  is  characterised  by  rostral  stridu- 
lation  as  reported  in  Acanthaspis  pedestris  (Ambrose  and  Livingstone  1978) 

3.2  Approach 

With  the  extended  rostrum  and  antennae  the  males  of  both  species  approach  the 
females.  Females,  on  the  other  hand,  express  their  response  by  similar  movements  of 
antennal  extension,  rostral  stridulation  and  grooming  of  the  antennae,  the  rostrum  and 
the  legs.  They  often  remain  motionless  after  some  time  indicating  submission  to  the 
approaching  males.  Occasionally  the  females  too  slowly  approach  the  males  and  solicit 
them. 

In  C.  brevipennis,  the  males  with  vigorous  approaching  movements,  run  here  and 
there,  contact  the  motionless  females  first  by  means  of  antennal  manoeuvring  followed 
by  rubbing  the  female  by  the  leg.  In  R.  marginatus  the  contact  is  made  both  by  the 
approaching  males  and  females  by  their  antennae  similar  to  a  phenomenon  of  antennal 
fencing  found  in  many  primitive  insects.  The  act  of  approach  lasts  nearly  10  sec  in 
Rhinocoris  marginatus  and  5  sec  in  Catamiarus  brevipennis. 

The  cannibalistic  tendency  of  sex-starved  females  over  incompatible  males  was  not 
observed  in  these  two  species  unlike  Acanthaspis  siva  and  Rhinocoris  kumarii  (Ambrose 
1980).  After  the  initial  contact  by  means  of  antennae  and  legs,  the  males  of  R. 
marginatus  caress  the  various  parts  of  the  females  by  their  rostrum  as  reported  in 
several  other  reduviids  (Wallace  1953;  Joseph  1959;  Odhiambo  1959;  Edwards  1966; 
Parker  1971,  1972;  Swadener  and  Yonke  1973a,  b,  c  1975;  Louis  1974). 
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3.3  Pre-copulatory  riding 

At  the  completion  of  the  arousal,  the  males  of  R.  marginatus  ride  over  the  females  fc 
while  before  achieving  genital  connection.  The  males  climb  over  the  females  and  k< 
the  rostral  tip  pressed  over  her  thorax.  During  this  riding  act,  the  female  persister 
raises  and  lowers  its  antennae.  This  pre-copulatory  riding  period  appears  to  v; 
considerably  in  different  species:-  7-5  hr  in  Rhinocoris  tropicus,  0-5-3  days  in  Psellio\ 
cinctus  (Parker  1969),  2-30  hr  in  P.  barberi  (Swadener  and  Yonke  1975)  and  2-3  day* 
Sinea  complexa  (Swadener  and  Yonke  1973c). 

3.4  Embracing 

Embracing  takes  place  when  the  males  keep  a  side-to-side  position.  The  male  embra< 
the  partner  by  placing  the  fore  and  mid-legs  either  on  her  left  or  right  side,  the  foreli 
placed  over  the  pterothorax  and  the  middle  legs  remaining  free  and  raised.  Males  do  i 
attempt  to  mount  over  the  females  as  reported  in  Cor  anus  subapterus  (Wallace  19> 
The  act  of  embracing  on  an  average  lasts  for  15  sec  in  R.  marginatus  and  6  sec 
C.  brevipennis. 

3.5  Genetalia  extension  and  connection  achievement 

The  male  in  embracing  extends  its  genitalia  and  achieves  connection.  After  achievi 
connection,  the  act  of  copulation  varies  from  25  min  in  R.  marginatus  to  18  min 
C.  brevipennis.  Intermittent  vibration  of  the  antennae  of  both  partners  duri 
copulation  is  a  common  sight.  Digital  brushing,  either  against  each  other  or  against  1 
substratum  is  a  common  feature.  Sometimes,  in  addition,  the  males  of  both  speci 
brush  not  only  their  own  genitalia  but  also  the  thorax  and  genital  segments  of  th 
partner  by  their  hind-legs.  R.  marginatus  alters  its  position  now  and  then  from  left 
right  during  copulation,  still  maintaining  its  nuptial  clasp,  while  the  males  of 
brevipennis  loosen  their  clasp  after  a  while  and  continue  copulation  in  the  end-to-e 
position  (figures  1  and  2). 

3.6  Termination  of  copulation 

After  the  copulation,  activities  such  as  digital  brushing,  genitalia  cleaning  and  anteni 
vibration  slow  down  considerably  and  the  antennae  are  kept  drooping  in  both  t 
partners.  R.  marginatus  attains  end-to-end  position  just  prior  to  the  termination 
copulation  and  both  species  perform  forward  and  backward  movements  for  a  f 
minutes.  Then  the  males  lift  their  abdomen  and  thorax  from  the  substratum  faster  th 
females  and  both  separate  and  move  away  from  each  other. 

3.7  Post-copulatory  acts 

Immediately  after  the  termination  of  copulation  the  females  of  C.  brevipennis  rub  1 
genitalia  and  hind  legs  vigorously  against  the  substratum.  The  post-copulate 
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Figures  1-2.    Mating  in  1.    JR.  marginatus,  2.    C.  brevipennis 


aggressive  cannibalistic  behaviour  observed  in  Ectomocoris  tibialis,  Acanthaspis  siva 
and  Rhinocoris  kumarii  (Ambrose  and  Livingstone  1978;  Ambrose  1980)  is  not  found  in 
these  two  species. 

Successful  copulation  is  indicated  by  the  ejection  of  spermatophore  capsule  by  the 
females  after  mating.  This  invariably  takes  place  after  3-4  hrs  in  JR.  marginatus  and  8  hrs 
in  C.  brevipennis.  Such  behaviour  is  recorded  in  Rhodnius  prolixus  (Davey  1965)  and 
Ectomocoris  tibialis  and  Acanthaspis  pedestris  (Ambrose  and  Livingstone  1978), 
Acanthaspis  siva,  Coranus  vitellinus,  Rhinocoris  kumarii,  Lophocephala  guerini  and 
Neohaematorrhopus  therasii  (Ambrose  1980).  The  spermatophore  capsule  of 
R.  marginatus  is  elongately  saccular  (2*2  mm  long  and  0-9  mm  broad)  and  milky  white. 
The  wall  is  transparent  and  uniformly  thick  with  an  uniformly  elongated  chamber 
(1-35  mm  long  and  0-43  mm  wide)  (figure  3).  The  exit  opening  of  the  capsule  is  located 
laterally.  The  capsule  of  C.  brevipennis  has  a  rectangular  body  (1-29  mm  long  and 
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Figures  3-4.     Spermatophore  capsule  of  3.    R.  marginatus,  4.    C.  brevipennis. 


049  mm  broad)  with  2  comma  shaped  arms  (2-31  mm  and  1-75  mm  long  and  0-48  mm 
and  0-32  mm  broad  respectively).  One  arm  originates  laterally  whereas  the  other  starts 
from  the  anterior  end  of  the  body  (figure  4).  During  ejection  the  capsule  is  light  brown 
and  gradually  turns  dark  brown. 


4.     Summary 

Both  jR.  marginatus  and  C.  brevipennis  exhibit  similar  sequential  pattern  of  mating  with 
marked  deviations  in  the  duration  of  mating. 
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Effect  of  administering  different  doses  of  17a-methy  testosterone  in 
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Abstract.  Heteropneustes  fossilis  were  injected  0,  2-5,  5,  10,  20,  40,  60  or  80  mg  17a- 
methyltestosterone/kg  fish.  They  were  fed  ad  libitum  on  chopped  Lepidocephalichtfiys 
thermalis  and  reared  for  21  days.  The  steroid  acts  as  an  appetite  stimulant  and  consequently 
both  feeding  and  growth  rates  increased  2  to  3  times,  when  given  the  optimum  dosage  of 
40mg/kg.  It  also  doubles  the  growth  efficiency.  17a-methyltestosterone  is  recognized  as  an 
appetite  stimulant  and  an  anabolic  steroid. 

Keywords.  Catfish;  anabolic  steroid;  appetite  stimulant;  growth  efficiency;  Heteropneustes 
fossilis. 


1.    Introduction 

[n  recent  years,  the  anabolic  steroids,  which  are  known  to  augment  growth  rate  and 
reduce  feed-cost  in  animal  husbandry,  have  attracted  the  attention  of  pisciculturists. 
I7a-methyltestosterone,  an  anabolic  steroid,  is  very  much  recommended  in  livestock 
ndustry.  Clemens  et  al  (1966)  administered  20-30  mg  17a-methyltestosterone/kg  feed 
:o  female  guppy  (Lebistes  reticulatus)  and  recorded  negative  growth.  Conversely, 
Fagerlund  and  McBride  (1979)  treated  Oncorhynchus  kisutch  with  lOmg/kg  of 
:he  steroid  and  reported  that  the  treatment  enhanced  the  growth  efficiency. 
Fhese  contradictory  results  suggest  that  perhaps  the  anabolic  property  of 
[7a-methyltestosterone  is  dose-dependent.  Also  it  is  riot  clear  whether  the  optimum 
lose  is  a  species-specific  character.  Pandian  (1982)  recognised  that  while  some  steroids 
mhanced  growth  rate  through  increased  food  consumption,  the  others  accomplished  it 
hrough  increased  growth  efficiency.  He  named  the  former  as  appetite  stimulants  and 
he  latter  as  ones  with  anabolic  property.  The  present  investigation  was  undertaken  to 
dentify  the  optimum  dosage  of  17a-methyltestosterone  to  the  catfish  H.  fossilis  and  to 
:now  whether  the  steroid  displays  anabolic  property  alone  or  acts  also  as  an  appetite 
timulant. 

'.    Material  and  methods 

uveniles  of  H.  fossilis  (9  ±  0-2  g)  were  acclimated  to  the  laboratory  conditions  and 
eeding  schedule.  Eight  groups,  each  comprising  three  individuals  were  used.  The 
xperiments  were  performed  in  cylindrical  aquaria  (40  cm  diameter  and  141  capacity) 
or  21  days  in  a  laboratory  (29  ±  1°C),  where  except  for  feeding  and  observation  there 
ras  no  disturbance. 
The  fish  were  fed  ad  libitum  on  chopped  and  weighed  Lepidocephalichthys  thermalis 
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for  2  hr  every  day  between  0900  and  1  100  hr.  Unfed  remains  were  collected  carefully 
and  suitable  corrections  made  for  fluid  loss  (5  ±  0*27  %)  by  fish  pieces  during  the  feeding 
period.  Faeces  was  collected  by  filtering  the  aquarium  once  in  three  days. 

The  'sacrifice  method'  (Maynard  and  Loosli  1962)  was  used  to  determine  the  water 
content  and  energy  values  of  the  test  individuals  before  the  commencement  of  the 
experiment.  Before  taking  the  initial  and  final  weights,  the  test  fish  were  subjected  to 
starvation  for  24  hr  to  ensure  complete  evacuation  of  the  gut.  The  test  fish  were  weighed 
in  a  single  pan  analytical  balance  sensitive  to  0-1  mg.  Caloric  contents  offish,  food  and 
faeces  were  determined  using  a  semi-microbomb  calorimeter  (Parr  Instrument  Co., 
Moline,  USA)  following  the  procedure  described  in  the  instruction  manual  for  Bomb 
calorimetry. 

The  following  scheme  of  energy  balance  was  followed  (Petrusewicz  and  MacFadyen 
1970): 


where  C  is  the  food  consumed,  F  the  faeces,  U  the  urine,  M  the  energy  lost  as  heat  due  to 
metabolism  and  P  the  growth  (  =  conversion).  Food  energy  absorbed  (^4)  was 
calculated  by  subtracting  F  from  C  and  P  by  subtracting  the  energy  content  of  the  fish 
at  the  commencement  of  the  experiment  from  that  at  termination.  Rates  of  feeding, 
absorption  and  conversion  were  calculated  by  dividing  the  respective  quantum  of 
energy  by  the  products  offish  weight  (g)  and  the  duration  of  the  experiment  (21  days) 
and  expressed  in  terms  of  J/g  live  weight/day.  Efficiency  (%)  of  absorption  was 
calculated  by  relating  A  to  C,  and  the  conversion  efficiency  (  %)  by  relating  P  to  A. 
The  required  doses  of  the  tested  hormone  were  prepared  using  sesame  oil  as  the 
carrier  solution.  Individuals  in  the  control  group  received  sesame  oil  alone.  Volume  of 
the  hormone  solution  injected  intramuscularly  into  the  test  individuals  was  maintained 
constant  at  60  fil  for  all  the  tested  doses,  using  lOOjd  sterilized  tuberculin  syringe 
(Scientific  Glass  Engineering,  Australia). 

3.    Results 

3.1     Consumption 

H.fossilis  treated  with  different  doses  of  17a-methyltestosterone  consumed  signifi- 
cantly more  food  than  the  sham-treated  ones.  With  increasing  dose,  feeding  rate 
progressively  increased  from  182  J/g  live  fish/day  in  the  control  to  303  J/g  live  fish/day 
in  that  treated  with  40  mg/kg  (table  1).  However,  higher  doses  of  60  or  80  mg/kg 
resulted  in  the  depression  of  feeding  rate.  On  statistically  analysing  the  data,  it  became 
apparent  that  the  differences  between  those  receiving  40-60  mg/kg  on  one  hand,  and 
the  remaining  groups  on  the  other  were  highly  significant  (P  <  0-01).  Therefore, 
17a-methyltestosterone  acts  as  an  appetite  stimulant  in  H.  fossilis  where  maximum 
appetite  is  stimulated,  when  the  fish  is  treated  with  40-60  mg/kg  (figure  1) 


3.2    Absorption 

Absorption  efficiency  ranged  from  96-6-96-9  %.  Analysis  of  variance  of  the  data  in 
absorption  efficiency  revealed  that  neither  the  hormone  nor  the  doses  have  any 


Effect  of 17<z-methyltestosterone  in  H.fossilis 


513 


Table  1.  Rates  of  consumption,  absorption,  production  ( J/g  live  fish/day)  and  efficiencies 
(%)  of  absorption  and  conversion  as  a  function  of  dosage  of  17a-methyltestosterone  in  H 
/<?ss//fs(9±02g). 


Dosage    Consumption  rate 
(mg/kg)               (0) 

Absorption  rate 
(Ar) 

Production  rate 
(Pr) 

Absorption 
efficiency 

Net  conversion 
efficiency 

0 

182  ±11-0 

177  ±10-6 

38  ±  2-7 

96-9  +  00 

21-7±2-6 

2-5 

195±  3-2 

190  ±   3-0 

41  ±  5-9 

96-9  ±0-3 

21-4  ±2-9 

5 

196  ±   1-6 

190  ±   1-9 

49  ±  3-9 

96-8  ±0-2 

25-9  ±2-3 

10 

235  ±17-6 

230  ±19-3 

64  ±  2-4 

96-6  ±0-2 

28-5  +  1-9 

20 

241  ±11-2 

234  ±1OO 

75  ±  4-6 

96-7  +  0-2 

32-3  +  1-4 

40 

303  ±16-2 

293  ±15-9 

115±12-1 

96-7  ±0-1 

39-2  +  2-3 

60 

278  ±  3-5 

269  ±  3-7 

52  ±   5-8 

96-9  ±0-1 

19-1  ±2-0 

80 

236  ±  4-0 

228  ±  4-0 

41  ±  2-4 

96-8  ±0-2 

17-8  ±0-8 

Each  value  represents  the  average  performance  of  a  minimum  of  3  individuals. 
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Figure  1 .    Consumption  rate  and  production  rate  of  H.fossilis  treated  with  different  doses  of 
17a-methyltestosterone  (vertical  line  represents  standard  deviation). 

significant  influence  on  absorption  efficiency  (Nirmala  and  Pandian  1983).  Absorption 
rate  of  the  individuals  receiving  different  doses  of  the  tested  hormone  was  dependent  on 
feeding  rate.  Individuals  displaying  high  feeding  rate  absorbed  the  food  at  a  faster  rate. 
Highest  absorption  rate  was  observed  in  the  40  mg/kg  group  (293  J/g/day). 


3.3     Conversion 

Individuals  receiving  40  mg/kg  dose  converted  the  food  at  the  rate  of  115  J/g/day, 
compared  to  38  J/g/day  in  the  control  group  (P  <  0-05  significant).  Thus  the  hormone 
(40  mg/kg)  treated  group  displayed  a  three-fold  increase  in  growth  over  control.  In 
groups  treated  with  60  or  80  mg/kg,  the  rate  decreased  to  52  and  41  J/g/day, 
respectively.  Briefly,  the  steroid  enhanced  growth  up  to  an  optimum  dose  (40  mg/kg), 
after  which  higher  doses  showed  decline  in  conversion  rate.  Figure  1  shows  that  as  the 
feeding  rate  increases,  the  production  rate  also  increases.  Besides,  there  is  a  positive 
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parallel  trend  between  the  dose  on  the  one  hand,  and  feeding  and  conversion  rates  on 
the  other. 


3.4    Conversion  efficiency 

17a-methyltestosterone  is  not  only  an  appetite  stimulant  but  also  boosts  growth 
efficiency.  Administration  of  40  mg  17oc-methyltestosterone/kg  significantly  (F  <  0-05) 
enhanced  the  efficiency  to  39  %.  But  the  efficiency  decreased  in  the  group  treated  with 
60  or  80mg/kg  and  was  even  lower  (19%)  than  that  of  the  control  (21  %,  figure  1) 
showing  that  above  an  optimal  dosage  (  >  40  mg/kg)  17a-methyltestosterone  functions 
as  an  anti-anabolic  agent.  Similar  result  was  reported  for  Channa  striatus  which  was 
treated  with  a  range  (0  to  30  mg/kg)  of  17a-methyltestosterone  (Nirmala  and  Pandian 
1983). 


4.    Discussion 

The  objectives  of  applying  anabolic  steroids  in  fish  culture  practices  are  (i)  to  reduce 
feed-cost  through  increased  growth  efficiency  and  (ii)  to  reduce  the  production  time  by 
expediting  feeding  and  growth  rates.  Application  of  17a-methyltestosterone  induced 
appetite  and  enhanced  food  consumption  in  H.fossilis;  that  17a-methyltestosterone 
acts  as  appetite  stimulant  in  fishes,  has  been  demonstrated  in  Carassius  auratus 
(Yamazaki  1976),  Oncorhynchus  kisutch  (Fagerlund  and  McBride  1975a,b;  McBride 
and  Fagerlund  1 973, 1 976),  Epinephelus  sglmoides  (Chua  and  Teng  1 980)  and  in  Channa 
striatus  (Nirmala  and  Pandian  1983).  In  0.  kisutch  only  a  single  dose  was  tested  by 
supplementing  it  with  diet;  C.  striatus  was  injected  with  different  doses  and  it  was 
reported  that  the  group  receiving  20  mg/kg  displayed  maximum  appetite.  Therefore  it 
may  be  concluded  that  17a-methyltestosterone  is  an  appetite  stimulant  and  the 
magnitude  of  its  stimulating  ability  is  realized  at  different  doses  in  fish.  Growth  rate  of 
H.fossilis  is  dependent  on  feeding  rate.  Hence  application  of  1 7a-methyltestosterone 
considerably  reduces  the  time  cost  of  production  by  expediting  feeding  and  growth 
rates. 

Application  of  17oc-methyltestosterone  not  only  increases  the  growth  rate  but  also 
enhances  the  growth  efficiency  in  H.fossilis  (figure  2).  The  increase  in  the  efficiency  was 
from  21%  in  the  control  to  28  or  39%  in  the  10  or  40  mg/kg  receiving  groups. 
Fagerlund  and  McBride  (1979)  reported  a  5  %  increase  in  efficiency  of  0.  kisutch  which 
received  10  ing  of  hormone/kg  fish.  It  appears  that  had  they  tried  a  higher  dose, 
0.  kisutch  could  have  doubled  its  efficiency.  Nirmala  and  Pandian  (1983)  observed  that 
C.  striatus  displayed  the  highest  efficiency,  when  treated  with  20  mg/kg  (figure  1).  Chua 
and  Teng  (1980)  supplemented  the  feed  with  different  doses  of  17a-methyltestosterone 
(1  to  12  mg/kg  food)  to  Epinephelus  salmoides,  reared  in  floating  cages  in  a  tropical 
estuary  and  found  that  the  fish  showed  maximum  efficiency,  when  the  hormone  was 
supplemented  at  the  rate  of  9  mg/kg  feed  (  =  194  mg/kg  fish).  Hence  17a- 
methyltestosterone  may  be  identified  as  an  anabolic  steroid  for  fishes.  The  negative 
growth  efficiency  observed  in  Lebistes  reticulatus  by  Clemens  et  al  (1966)  can  be  traced 
to  sexual  dimorphism  exhibited  by  the  fish;  in  this  species,  females  grow  larger  than 
males  and  when  17a-n?ethyltestosterone,  an  androgenic  hormone,  was  injected  into  a 
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Figure  2.  Conversion  efficiency  of  H.  fossilis  treated  with  different  doses  of  1' 
methyltestosterone  (vertical  line  represents  standard  deviation.  For  comparison,  data  repori 
by  Nirmala  and  Pandian  (1983)  for  C.  striatus  and  Fagerlund  et  al  (1979)  for  0.  kisutch  i 
presented). 


female,  the  female  exhibited  negative  growth  or  'masculinizing  effect*.  Donaldson  et 
(1979)  indicated  that  at  higher  doses,  some  steroids  exert  deleterious  effects  on  vario 
organs  and  cumulatively  cancel  the  growth  promoting  effects.  This  may  be  the  reas< 
for  the  decline  in  almost  all  parameters  of  H.  fossilis  receiving  higher  dos 
(>  40  mg/kg).  In  general,  sexual  dimorphism  is  not  very  apparent  in  most  commerc; 
fishes.  Hence  in  the  young  ones,  17a-methyltestosterone  may  serve  as  an  appeti 
stimulant  and  also  as  an  anabolic  steroid. 
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Abstract.  Conspecific  population  density  stress  affects  moult  production  and  growth  of 
Macrobrachium  lanchesteri  (Palaemonidae)  and  Caridina  weberi  (Atyidae).  In  either  species  an 
intermediate  density  level  of  4  and  8  individuals/151  of  freshwater  respectively,  appears  to  be 
ideal  for  growth.  While  the  effects  of  increased  population  densities  on  the  physiological 
processes  of  food  conversion  of  either  species  are  comparable,  intergeneric  variations  in  the 
regulation  of  food  intake  and  growth  are  evident. 

Keywords.    Population  density;  moulting;  food  conversion;  prawns;  M.  lanchesteri',  C.  weberi. 


1.    Introduction 

The  importance  of  intensive  culture  of  freshwater  prawns  is  repeatedly  emphasized 
(Pillay  1979;  Jhingran  1982;  Ponnuchamy  et  al  1983).  Growth  of  individuals  and 
increase  in  their  numbers  vary  in  every  population  and  while  extreme  limits  of 
individuals  growth  is  species-specific,  the  obvious  upper  limit  for  numbers  is  space, 
which  can  harbour  not  more  than  a  certain  population  density  (Backiel  and  Le  Cren 
1978).  When  the  number  or  biomass  per  unit  space  varies,  the  available  space  per 
individual  also  varies  and  this  definitely  has  a  bearing  on  the  production  process.  This 
paper  describes  how  different  population  densities  affect  the  production  of  moults, 
food  intake  and  growth  in  two  natantian  prawns.  The  comparative  studies  are  an 
attempt  to  suggest  the  ideal  stocking  densities  during  intensive  culture  of  these  prawns. 


2.    Material  and  methods 

Individuals  of  Macrobrachium  lanchesteri  (de  Man)  and  Caridina  weberi  (de  Man)  (525 
±17-5mg  and  97±7*81mg  respectively)  were  segregated  from  field  samples  and 
maintained  in  aquaria  (surface  area:  1444cm2).  Different  conspecific  population 
densities  ranging  from  1,2,4,8, 16  and  24  individuals  per  151  of  fresh  water,  were  tested 
for  either  species  and  at  each  population  density  (Pd)  level,  three  replicates  were  run. 
Since  the  volume  of  water  per  aquarium  was  maintained  constant  at  151,  in  either 
species  increase  in  population  levels  altered  the  biomass/unit  volume  of  water  as 
given  in  next  page. 

The  experimental  prawns  were  fed  daily  on  ad  libitum  food  ofTubifex  tubifex  worms. 
Feeding  was  continued  for  30  days.  Water  was  aerated  daily  and  the  temperature  was 
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Population  density 

Biomass* 

(mg/1) 

(number  of  prawns/ 

aquarium) 

M.  lanchesteri 

C.  weberi 

1 

34-32 

6-79 

2 

67-94 

12-74 

4 

143-79 

28-27 

8 

287-22 

52-61 

16 

538-95 

98-86 

24 

870-16 

136-98 

*Calculated  from  values  given  in  tables  1  and  2. 


maintained  at  23  ±  2°C.  Data  on  moult  production,  food  intake,  growth,  conversion 
and  yield  of  prawns  during  the  experimental  period  were  recorded  as  described  earlier 
(see  Ponnuchamy  et  al  1983)  and  wherever  necessary,  statistical  analysis  was  performed 
using  the  Student  t  test  (Fisher  1950). 


3.    Results  and  discussion 

3.1     Moult  production  and  moulting  frequency 

Number  of  moults,  moulting  frequency,  total  moult  weight  and  per  moult  weight  of 
M.  lanchesteri  in  relation  to  changes  in  population  density  are  given  in  table  1.  In  spite 
of  insignificant  variations  in  the  body  weight/prawn  (525-21  mg),  there  was  a  decrease 
in  the  number  of  moults  produced  with  increase  in  Pd.  The  relative  increase  in  bioinass 
with  increase  in  Pd  as  given  in  the  table  may  be  the  causative  factor  for  this  decrease  in 
the  moulting  activity.  Collection  of  moults  in  fractions  at  higher  Pd  levels  is  probably 
due  to  the  density  stress  and  consequent  ingestion  of  moults  by  the  experimental 
animals.  In  P daemon  serratus,  Reeve  (1 969)  indicated  that  to  a  certain  extent,  prawns  of 
all  ages  consumed  their  own  moults.  During  the  present  experiments,  the  per  moult 
weight  of  M.  lanchesteri  showed  considerable  variations  (average:  12-2  ±3-86  %)  in 


Table  1 .    Influence  of  population  density  on  the  moult  production  and  moulting  frequency  of 
M.  lanchesteri. 


Population 
density 
(number) 

Mean  live  body 
weight 
(mg) 

Moults 
produced 
(number) 

Moulting 
frequency 
(days) 

Total  moult 
weight 
(mg) 

Per  moult 
weight 
(%) 

1 
2 
4 
8 
16 
24 

514-84  ±18-33 
509-55  ±  30-38 
539-20  ±15-26 
538-54  ±12-22 
505-27  ±18-33 
543-85  ±15-56 

3-7  ±0-43 
3-4  ±0-22 
3-3  ±0-47 
1-3  ±0-27 
0-4  ±0-10 
0-6  ±0-11 

16-2  ±2-16 
17-8  ±1-26 
18-1  ±2-47 
45-6  ±9-65 

74-40  ±  8-26 
48-97  ±   5-79 
39-70  ±12-78 
15-45±  5-42 
3-09  ±  0-99 
4-94  ±   1-36 

19-54  ±1-35 
14-56  ±1-25 
10-78  ±2-16 
10-13  ±1-84 
10-22  ±2-96 
7-74  ±1-24 
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relation  to  the  population  density.  While  the  moulting  frequency  at  the  lowest  Pd  (16-2 
±2-16  days)  is  comparable  to  that  reported  for  another  related  species  P daemon 
( =  Macrobrachium)  lamarrei  (18-2  ±4-89  days;  Katre  and  Reddy  1977),  at  higher 
population  density  levels,  moulting  was  not  only  less  frequent  but  also  erratic.  The  per 
moult  weight  of  M.  lanchesteri  at  the  lowest  Pd  (19-5  ±  1-35  %)  is  also  comparable  to 
that  reported  for  P.  lamarrei  (14-4  ±6-32%). 

In  C.  weberi  also,  with  increase  in  density  (and  a  correlated  increase  in  biomass), 
moult  production  decreased  (table  2).  However,  the  lowest  value  of  2-2  observed  at  the 
highest  density  was  more  than  the  value  observed  for  M.  lanchesteri  at  the  same  Pd  (24 
prawns).  The  per  moult  weight  did  not  vary  much  with  increase  in  Pd.  The  moulting 
frequency  of  C.  weberi  (15-5  ±  2-87  days)  at  the  lowest  Pd  is  comparatively  higher  than 
that  reported  for  the  closely  related  species  C.  nilotica  (1-1  ±  3-27  days;  recalculated 
from  Hart  1980).  The  difference  may  be  due  to  the  large  variations  in  size  of  the  prawns 
selected. 

The  difference  in  size  of  M.  lanchesteri  and  C.  weberi  is  evident  from  their  mean  live 
body  weights  (525-2  and  96-7  mg  respectively).  At  any  Pd  level,  the  increase  in 
biomass/unit  volume  of  water  was  5-5  times  more  in  M.  lanchesteri  than  in  C.  weberi.  In 
spite  of  these  variations,  the  per  moult  weight  of  either  species  was  similar  (M. 
lanchesteri:  12-2  ±  3-86  %;  C.  weberi:  1 3-6  ±  0-47  %).  In  both  the  species,  the  total  moult 
weight  during  the  experimental  period  decreased  with  increase  in  Pd.  However,  the 
decrease  was  more  evident  for  M.  lanchesteri  than  for  C.  weberi.  This  indicates  that 
increase  in  Pd  primarily  affects  the  pattern  of  moulting  in  M.  lanchesteri.  This  is 
especially  evident  at  higher  Pd  levels  where  the  moulting  frequency  of  M.  lanchesteri 
was  more  erratic  as  compared  to  that  of  C.  weberi.  Biddle  et  al  (1978)  also  reported  that 
the  moulting  activity  of  another  palaemonid,  M.  rosenbergii  was  primarily  determined 
by  the  relationship  between  available  space  and  animal  activity. 


3.2    Food  intake  and  growth 

Table  3  gives  the  body  weight,  food  consumed  and  growth  of  M.  lanchesteri  in  relation 
to  changes  in  Pd.  The  daily  food  consumption  decreased  with  increases  in  Pd.  Taking 
the  water  content  ofTubifex  worms  to  be  82-98  %  (see  Ponnuchamy  1981),  the  live  food 
consumption  per  prawn  per  day  was  recalculated  to  be  77-9  mg  for  M .  lanchesteri 
reared  at  the  lowest  Pd.  As  compared  to  this,  a  daily  food  intake  of  43  mg  is  reported  for 

Table  2.    Influence  of  population  density  on  the  moult  production  and  moulting  frequency 
of  C.  weberi. 


Population 

Mean  live  body 

Moults 

Moulting 

Total  moult 

Per  moult 

density 

weight 

produced 

frequency 

weight 

weight 

(number) 

(mg) 

(number) 

(days) 

(mg) 

(%) 

1 

101-86±  8-13 

4-0  ±0-71 

15-5  ±2-87 

11  -97  ±2-05 

14-24  ±2-60 

2 

95-56  ±10-87 

3-5  ±0-35 

17-3  ±1-78 

10-15  ±2-44 

13-01+2-44 

4 

106-03  ±  9-63 

3-8  ±0-21 

15-8  ±0-87 

11-48  ±1-69 

13-93  ±1-29 

8 

98-65  ±  7-18 

3-6  ±0-66 

17-3  ±3-40 

10-39  ±3-08 

13-85  +  1-23 

16 

92-68  ±  2-12 

2-6  +  0-44 

23-2  ±3-45 

6-52  ±1-09 

13-09+0-35 

24 

85-61  ±  4-67 

2-2  ±0-17 

26-9  ±1-97 

5-15  ±0-14 

13-20  +  0-88 
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Palaemon  lamarrei  fed  for  a  restricted  period  of  4  hr/day  on  the  muscles  of  the  fish 
Gambusia  affinis  (Katre  and  Reddy  1977).  A  daily  food  intake  of  50-6  mg  was  observed 
for  M.  lanchesteri  reared  at  a  Pd  of  8  prawns/1 5 1,  as  compared  to  27*2  mg  reported  for 
P.  lamarrei  reared  in  groups  of  10  (Katre  and  Reddy  1977).  The  observed  higher  values 
of  food  intake  in  M.  lanchesteri  may  be  due  to  the  differences  in  the  type  of  food  offered 
as  well  as  the  schedule  of  feeding  (ad  libitum  and  restricted  feeding  respectively). 

Willis  and  Berrigan  (1977)  reported  that  in  M.  rosenbergii,  the  average  growth  is 
inversely  related  to  Pd.  This  is  comparable  to  the  present  observations  in  M.  lanchesteri 
where  the  growth  decreased  with  increase  in  Pd  beyond  4  prawns/151  of  freshwater. 
Forster  and  Beard  (1974)  also  observed  adverse  effects  of  higher  stocking  densities  on 
the  growth  of  Macrobrachium  and  Penaeus  species.  These  authors  suggested  that 
higher  stocking  densities  induced  stress  behaviour  in  the  prawns  due  to  crowding, 
which  ultimately  affected  growth. 

Observations  on  the  dry  food  consumed  and  growth  of  C.  weberi  (table  4)  are 
comparable  to  those  of  M.  lanchesteri .  The  peak  growth  was  at  an  intermediate  Pd  level 
of  8  prawns/15 1.  Decrease  in  the  growth  of  C.  \veberi  and  M.  lanchesteri  at  higher  Pd 
may  also  be  due  to  the  stress  behaviour  as  reported  for  other  species  of  prawns  (Forster 
and  Beard  1974).  Here,  it  is  interesting  to  note  that  in  a  related  atyid  C.  nilotica,  the 
intraspecific  competition  had  a  more  profound  effect  on  the  growth  of  individuals  than 
even  the  water  temperature  (Hart  1980).  The  present  observations  clearly  indicate  that 
the  decrease  in  growth  of  M.  lanchesteri  and  C.  weberi  at  higher  Pd  levels  is  due  to  intra- 
specific competition  and  not  due  to  water  temperature  which  was  kept  fairly  constant 
(23  ±  2°C)  for  all  density  levels.  Conspecific  crowding,  beyond  a  certain  level  of  Pd 
adversely  affects  growth  in  both  these  natantians.  It  is  interesting  to  note  that,  while  M. 

Table  3.    Influence  of  population  density  on  the  food  intake  and  growth  of  M.  lanchesteri. 


Population 

Initial  dry  body 

Final  dry  body 

density 

weight 

weight 

Food  consumed 

Growth 

(number) 

(mg) 

(mg) 

(mg  dry/prawn/day) 

(mg  dry/prawn/day) 

1 

98-51  ±9-54 

153-37  +  24-79 

13-^6  ±1-37 

0-91+0-32 

2 

99-79  +  7-21 

157-96  ±13-29 

12-03  ±1-09 

0-97  +  0-15 

4 

106-51  ±  1-08 

169-25  +  11-24 

10-03  +  0-60 

1-05  +  0-17 

8 

109-03  ±2-15 

155-89  ±10-17 

8-61  ±0-45 

0-78  ±0-1  7 

16 

100-97  +  4-33 

146-02  ±  7-39 

7-85  ±093 

0-75  ±0-07 

24 

11  1-61  ±2-93 

144-05  ±  4-90 

5-72  ±0-29 

0-54  ±0-07 

Table  4.    Influence  of  population  density  on  the  food  intake  and  growth  of  C.  weberi. 


Population 
density 
(number) 

Initial  dry  body 
weight 
(mg) 

Final  dry  body 
weight 
(mg) 

Food  consumed 
(mg  dry/prawn/day) 

Growth 
(mg  dry/prawn/day) 

1 
2 
4 
8 
16 
24 

21-56  +  2-04 
19-22  ±3-63 
21-58  +  1-34 
20-38  +  1-59 
18-82  +  0-63 
17-55  ±1-24 

25-37  ±1-19 
26-27  ±1-94 
29-44  ±3-84 
30-00  ±1-22 
25-23  ±1-24 
23-04  ±2-28 

5-92  ±0-74 
5-50  +  022 
5-01  ±0-23 
4-58  ±020 
3-84±O17 
3-29  ±O12 

0-06  ±0-04 
0-09  ±003 
013  ±0-04 
0-16  ±0-01 
Oil  ±0-02 
0-09  ±0-03 
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lancHeaem  exhibited  the  highest  growth  at  a  biomass  of  143-79  mg/umt  volume  o 
wate:r(Pa?  =  4-  prawns/aquarium),  the  corresponding  value  of  growth  for  C.  weben  wa 
at  a   lower  biomass  (52-61  mg;  Pd  =  8  prawns/aquarium).  This  shows  that  the  two 
species  differ  in  their  growth  characteristics  due  to  intergeneric  variations. 

3.3     M*2S  of  feeding,  assimilation,  metabolism  and  yield 

While  the  rates  of  feeding,  assimilation  and  metabolism  decreased  with  increase  in  Pd, 
yield  rate  indicated  a  peak  at  the  ideal  Pd  level  of  M.  lanchesteri  (figure  1).  Despite  a 
reduction  in  metabolic  rates  of  individuals  at  higher  Pd  levels,  lower  rates  of  yield  are 
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Figure  1.    Influence  of  population  density  on  A.  the  rates  of  feeding/yield   and    B. 
assimilation/metabolism  of  M.  lanchesteri  (values  are  expressed  as  mg  dry/g  live  prawn/day). 
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consequent  to  lower  feeding  and  assimilation  rates.  Conspecific  crowding  thus  appears 
to  affect  growth  of  M.  lanchesteri  by  lowering  the  rates  of  feeding  and  assimilation.  The 
corresponding  rates  of  feeding,  assimilation,  metabolism  and  yield  of  C.  weberi  are 
represented  in  figure  2.  As  in  M.  lanchesteri,  the  yield  rate  was  highest  at  the  ideal  Pd 
level  and  with  further  increases  in  Pd,  the  feeding  rate  decreased.  However,  unlike  in 
M.  lanchesteri,  both  the  rates  of  assimilation  and  metabolism  increased  with  Pd.  Thus, 
in  C.  weberi,  conspecific  crowding  perhaps  brings  about  an  elevation  in  the  metabolic 
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Figure  2.    Influence  of  population  density  on  A.  the  rates  of  feeding/yield  and  B. 
assimilation/metabolism  of  C.  weberi  (values  are  expressed  as  mg  dry/g  live  prawn/day). 
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rate  and  the  reduction  in  yield  is  due  to  the  lower  feeding  rates  as  well  as  higher 
metabolic  and  assimilation  rates.  Hence,  despite  smaller  body  size,  at  higher  Pd  levels, 
the  biomass  of  C.  weberi  that  could  be  supported,  is  lower  than  that  of  M.  lanchesteri. 
This  again  indicates  that  Pd  stress  brings  about  varied  patterns  of  food  utilization  in  the 
two  natantians. 


3.4    Efficiencies  of  assimilation,  conversion  and  yield 

The  results  on  assimilation  and  conversion  efficiencies  for  ihe  two  species  are  presented 
in  table  5.  While  the  assimilation  efficiency  increased  with  increases  in  Pd  levels  for  both 
the  species,  gross  conversion  efficiency  (Kt )  and  yield  efficiencies  (Y1  and  Y2)  indicated  a 
peak  at  the  Pd  levels  of  4  and  8  prawns/ 15  1  for  M.  lanchesteri  and  C.  weberi  respectively. 
Other  Pd  level  values  were  markedly  lower  (figure  3).  This  indicates  that  the  ideal  Pd  for 
feeding  experiments  under  controlled  conditions  is  4  and  8  prawns/151  of  freshwater 
for  M.  lanchesteri  and  C.  \veberi  respectively.  From  figure  3,  it  is  also  evident  that  despite 
similar  food  and  feeding  schedule  at  all  levels  of  Pd,  M.  lanchesteri  indicated  higher 
yield  efficiencies  (Yi  and  72)  than  C  weberi.  The  yield  efficiency  (YJ  for  M.  lanchesteri  at 
the  lowest  Pd  level  was  6-8  %  while  that  reported  for  P.  lamarrei  is  3-8%  (Katre  and 
Reddy  1977).  This  difference  in  Fj  of  M.  lanchesteri  and  P.  lamarrei  was  also  evident  at 
Pd  levels  of  8  and  10  respectively.  The  variations  in  the  yield  efficiencies  in  these  two 
prawns  are  probably  due  to  the  intrageneric  relations  as  well  as  differences  in  the 
schedule  of  feeding. 

Thus  it  may  be  concluded  that  density  stress  influences  the  moulting,  feeding, 
growth,  assimilation  and  yield  of  the  two  freshwater  prawns  M.  lanchesteri  and 
C.  weberi. 


Table  5.    Influence  of  population  density  on  the  food  assimilation  and 
conversion  efficiencies  of  M.  lanchesteri  and  C.  weberi. 


Population 
density 
(number) 

Assimilation 
efficiency 

Conversion  efficiency  (  %) 

Ki 

*2 

M.  lanchesteri 

1 

53-46  ±0-99 

15-81  ±1-61 

29-56  ±2-61 

2 

57-85  ±3-14 

15-06  ±3-01 

26-39  +  6-79 

4 

58-22  ±1-67 

17-16±3-38 

29-45  ±5-51 

8 

59-45  ±1-27 

ll-97±2-12 

20-09  ±3-  18 

16 

68-13  +  3-07 

10-25  ±0-50 

15-07  ±0-72 

24 

72-95  ±0-42 

10-96  ±1-34 

15-03  ±1-91 

C.  weberi 

1 

38-74  ±3-51 

4-54  ±1-37 

11  -55  ±2-  72 

2 

49-83  ±3-61 

4-80  ±0-70 

9-82  ±2-20 

4 

56-26  ±2-39 

6-38  ±1-29 

11-39  +  2-54 

8 

63-25  ±2-26 

7-24  ±H7 

11-43  +  1-76 

16 

73-38  ±1-16 

5-62  ±0-37 

7-66  ±0-55 

24 

75-27  ±1-12 

5-35  ±0-79 

7-11  +  1-00 
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8  12  16  20 

POPULATION    DENSITY 
(Number  of  prawns/aquarium) 

Figure  3.    Influence  of  population  density  on  the  gross  ( yt)  and  net  ( Y2)  yield  efficiencies  of 
M .  lanchesteri  and  C.  weberi. 
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SEM  studies  on  Bucephalopsis  karvei  Bhalerao,  1937,  an  intestinal 
parasite  of  the  fish,  Xenentodon  cancila  (Ham.) 
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Abstract.  SEM  studies  of  surface  topography  of  Bucephalopsis  karvei  Bhalerao,  1937  shows 
tegumentary  papillae,  interlocking  network  of  ridges  and  closely  packed,  distinct,  separate 
knobs.  Body  pores  viz,  mouth  with  denticles,  longitudinal  and  radiating  muscles  around  the 
genital  and  excretory  pore  have  been  observed. 

Keywords.    SEM;  Bucephalopsis  karvei;  Digenea;  Xenentodon  cancila. 


1.     Introduction 

The  surface  topography  of  trematodes  has  been  studied  by  a  number  of  workers 
(Erasmus  1970;  Silk  et  al  1970;  Miller  et  al  1972;  Nollen  and  Nadakavukaren  1974; 
Bennett  1975a,b;  Bakke  1976a,b,  1978;  Kuntz  et  al  1976;  Hicks  and  Newman  1977; 
Sakamoto  and  Ischii  1977;  Tullock  et  al  1911  \  Bakke  and  Lien  1978;  Fujino  et  al  1979; 
Tandon  and  Maitra  1981, 1982;  Pandey  and  Tewari  1982).  However,  no  work  has  been 
done  on  worms  belonging  to  the  family  Bucephalidae.  This  paper  describes  the  SEM 
studies  of  the  surface  topography  of  Bucephalopsis  karvei  Bhalerao,  1937,  an  intestinal 
fluke  of  the  fish,  Xenentodon  cancila. 


2.     Material  and  methods 

Worms  collected  from  the  intestine  of  the  fish,  Xenentodon  cancila  (Ham.)  were  rinsed 
in  1  %  saline  and  then  fixed  in  4%  glutaraldehyde  prepared  in  buffer  of  6-8  pH, 
dehydrated  in  graded  series  of  alcohol  followed  by  amylacetate  and  then  dried  by  the 
critical  point  drying  method  (Polaran  critical  point  drying  apparatus)  at  1-69231  x  105 
PSM  to  minimise  the  distortion  by  surface  tension  force.  They  were  mounted  on  metal 
specimen  stub  with  silver  paste  followed  by  coating  with  gold  (Edward  306  vaccum 
coater).  The  specimens  were  observed  and  electron  micrographs  taken  (Cambridge 
Steroscan  600  at  15  kV  and  30°  tilt  angle). 


3.    Observations 

The  body  is  bluntly  rounded  anteriorly  and  tapered  posteriorly  (figures  1,  11).  The 
dorsal  and  ventral  surfaces  are  more  or  less  the  same.  The  most  characteristic  feature  of 
the  tegument  is  the  interlocking  network  of  the  ridges  (figures  2-5)  which  covers  the 
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Figures  1-4.  I.  Entire  worm,  ventral  surface  (x200),  2.  Anterior  half  enlarged 
showing  tegument  ( x  500),  3.  Tegument  enlarged  ( x  2000),  4.  High  magnification  of 
tegument  showing  knobs  (  x  5000). 


entire  body.  The  ridges  are  mostly  oriented  in  longitudinal  rows,  particularly  in  the 
hind  region  of  the  body  (figures  12,  13).  Furthermore,  in  the  anterior  part,  both  the 
dorsal  and  ventral  surfaces  consist  of  closely  packed,  distinct,  separate,  knobs  (spines) 
(figures  3-5).  These  knobs  give  a  cobblestone-like  appearance  (figure  5).  Only  one  type 
of  papillae  has  been  observed  on  the  body  (figures  4,  9,  10).  They  are  sessile  with  a 
central,  hollow  pit.  These  sensory  papillae  are  also  called  wort-like  cuticular  bosses, 


SEM  studies  on  B.  karvei 


Figures  5-8.  5.  Tegumental  knobs  further  enlarged  (  x  5000),  6.  Apical  sucker  ei 
larged  showing  lips  and  denticles  ( x  1000),  7.  Anterior  rim  of  apical  sucker  magnifie 
showing  denticles  (  x  2000),  8.  A  portion  of  anterior  rim  of  apical  sucker  highly  magnifie 
showing  denticles  ( x  5000). 


papillae-like  integumental  elevation,  spherical  surface  protrusion/elevation,  nodula 
sensory  receptor,  etc.,  by  earlier  workers. 

The  apical  sucker  contains  a  subterminal  mouth  with  four  lips  inside  (figure  2] 
Furthermore,  numerous  denticles  (cut  plates),  button-like  sensory  papillae  and  pits  ar 
present  in  the  outer  and  inner  rims  of  the  sucker  (figures  7-10).  The  excretory  pore  i 
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Figures  9-14.  9  and  10.  A  part  of  the  anterior  rim  and  tegument  highly  magnified  showing 
papillae,  spines  and  pits  (depression)  (x5000),  11.  Posterior  body  region  showing 
excretory  pore  ( x  5000).  12.  A  portion  of  posterior  body  enlarged  showing  excretory  pore 
( x  5000),  13.  A  portion  of  posterior  body  enlarged  showing  excretory  pore,  genital  pore 
and  arrangement  of  muscles  (  x  2000),  14.  Egg  enlarged  ( x  5000). 


located  close  to  the  genital  pore  at  the  posterior  terminal  end  (figures  12,  13). 
The  genital  pore  is  feebly  muscular  and  contains  few  eggs  which  lack  opercu- 
lum,  but  a  distinct  lattice  work,  presumably  sperms,  is  found  attached  to  the  egg  (figure 
14). 


SEM  studies  on  B.  karvei  53 1 

4.     Discussion 

SEM  studies  of  the  surface  topography  of  B.  karvei  Bhalerao,  1937  revealed  a  number  of 
characteristic  features.  The  dorsal  and  ventral  surfaces  are  more  or  less  the  same  and 
characterised  by  interlocking  network  of  ridges  which  cover  the  entire  body.  Moreover, 
the  anterior  part,  both  the  dorsal  and  ventral  surfaces  consist  of  closely  packed,  distinct, 
separate,  knob-like  structures,  the  spines,  which  give  a  cobblestone-like  appearance, 
similar  to  Phyllodistomum  vachius  (Pandey  and  Tewari  1982)  and  Phyllodistomum 
conostomum  (Bakke  and  Lein  1978).  However,  these  knobs  differ  from  those  of  P. 
vachius  as  each  bears  upwardly  directed  spines  on  its  outer  surface.  Moreover,  in 
Urogonimus  macrostomum  (Bakke  1978)  and  Leucochloridium  variae  (Bakke  1982), 
multipointed  spines  have  been  reported  on  the  dorsoanterior,  lateral  and  ventral  body 
surfaces  except  on  the  suckers.  Furthermore,  the  number  of  points  on  each  spine  varies 
from  place  to  place,  on  the  body  surface.  Each  spine  bears  3-25  points.  According  to 
Bakke  (1976b)  the  absence  of  spines  on  the  suckers  in  Leucochloridium  sp  indicates  the 
necessity  for  smooth  sealing  against  the  host  mucosa  as  in  Fasciola  hepatica  (Bennett 
1975a,b).  In  B.  karvei  the  spines  appear  to  help  in  attachment  to  the  host  tissue.  The 
sensory  papillae  on  the  body  surfaces  of  B.  karvei  are  sessile,  with  a  central  hollow  pit. 
However,  the  sensory  papillae  on  the  body  of  P.  vachius  (Pandey  and  Tewari  1982). 
Leucochloridium  sp  (Bakke  1976b),  Fasciola  hepatica  (Bennett  1975b)  and 
Calicophoron  calicophorum  (Tandon  and  Maitra  1982)  are  button-like  and  without  a 
central  hollow  pit.  Variations  in  the  structure  of  sensory  papillae  have  been  observed  by 
Silk  et  al  (1970)  and  Miller  et  al  (1972),  with  spines,  in  Schist osoma  mansoni;  by  Erasmus 
(1970),  with  cilium  (basal  cones),  on  Diplostomum  phoxini;  by  Morris  (1973),  with 
smooth  (dome-like  protrusion),  on  Diclidophora  merlangi  and  by  Nadakavukaren  and 
Nollen  (1975),  button-like  structures,  on  Gorgoderina  attenuata. 

In  B.  karvei  the  subterminal  apical  sucker  has  four  lips  inside  the  mouth.  Moreover, 
the  outer  and  the  inner  rim  of  apical  sucker  bear  denticles  or  cut  plates.  However,  these 
are  absent  in  other  trematodes  including  P.  vachius  (Pandey  and  Tewari  1982), 
Aphalloides  timmi  (Bakke  1980)  and  Urogonimus  macrostomum  (Bakke  1978).  Within 
the  oral  sucker,  a  predominant  tongue  and  a  frontal  pit  dorsal  to  the  oral  sucker,  have 
been  reported  in  P.  conostomum  (Bakke  and  Lein  1978)  and  P.  vachius  (Pandey  and 
Tewari  1982).  Moreover,  a  nonciliated  pit,  similar  to  the  frontal  pit  of  P.  vachius  and  P. 
conostomum,  has  also  been  reported  in  Aphalloides  timmi  (Bakke  1980). 

In  P.  vachius  the  sensory  papillae  are  arranged  in  three  rows,  the  outer  row  consists  of 
ten-rounded  papillae,  located  quite  apart,  the  middle  row  of  only  six  papillae  and  the 
inner  row  contains  eight  papillae.  In  Bilatorchis  papillogenitalis  (Eduardo  1980a), 
Ornithocoelium  indonesiense  (Eduardo  1980b)  and  Leiperocotyle  okapi  (Eduardo 
1980c)  the  tegumental  papillae  are  confined  only  to  the  anterior  third  tegument  of  the 
body  region.  However,  in  B.  karvei  the  sensory  papillae  are  found  in  the  circum  oral 
concentric  ridges. 

The  excretory  and  genital  pores  are  located  close  to  each  other,  at  the  terminal  body 
end  and  surrounded  by  longitudinal  and  radiating  muscles  as  in  Aphalloides  timmi 
(Bakke  1980).  This  arrangement  of  muscles  in  the  excretory  region  differs  in  P. 
conostomum  (Bakke  and  Lein  1978).  No  papillae  and  spines  are  observed  in  the  genital 
and  excretory  pore  region  in  J3.  karvei.  However,  in  Leucochloridium  sp  (Bakke  1976a) 
and  F.  hepatica  (Bennett  1975b)  ciliated,  domed,  papillae  are  aggregated  around  the 
genital  pore.  Similar  papillae  are  also  found  distributed  on  the  body  surfaces  of  a 
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number  of  worms  including  Schistosoma  mansoni  (Miller  et  al  1972),  Megalodiscus 
temperatus  (Morris  1973;  Noilen  and  Nadakavukaren  1974)  and  F.  hepatica  (Bennett 
1975a).  Bennett  (1975b)  supposed  that  these  papillae  record  the  pressure  or  stretching 
of  the  tegument.  However,  Bakke  (1976b)  suggested  sensory  function  to  these  papillae 
in  Leucochloridium  sp. 


Acknowledgements 

Thanks  are  due  to  Dr  R  Dayal  of  Forest  Research  Institute  and  College,  Dehradun  for 
providing  SEM  facilities.  Thanks  are  also  due  to  the  csm,  New  Delhi  for  financial 
assistance. 


References 

Bakke  T  A  1976a  Shape,  size  and  surface  topography  of  genital  organs  of  Leucochloridium  sp  (Digenea) 

revealed  by  light  and  SEM;  Z.  Parasitenk.  51  99-113 
Bakke  T  A  1976b  Functional  morphology  and  surface  topography  of  Leucochloridium  sp  (Digenea)  revealed 

by  SEM;  Z.  Parasitenk.  51  115-128 
Bakke  T  A  1978  Urogonimus  macrostomum  (Rudolphi,  1803)  (Digenea):  its  taxonomy  and  morphology  as 

revealed  by  light  and  SEM;  Can.  J.  Zool  56  2280-2291 
Bakke  T  A  1980  A  SEM  study  of  the  microtopography  of  Aphalloides  timmi  Reimar,  1970  (Digenea; 

Cryptogonimidae);  Fauna  norv.  Ser.  AI  38-44 
Bakke  T  A  1982  The  morphology  and  taxonomy  of  Leucochloridium  (L.)  variae  micintosh  (Digenea; 

Leucochloridiidae)  from  the  Nearctic  as  revealed  by  light  and  scanning  electron  microscopy;  Zool.  Scr.  II 

87-100 
Bakke  T  A  and  Lien  L  1978  The  tegumental  surface  of  Phyllodistomum  conostomum  (Olsson  1 876)  (Digenea) 

revealed  by  SEM;  Int.  J.  Parasitol.  8  155-161 
Bennett  C  E  1975a  Surface  feature,  sensory  structure  and  movement  of  the  newly  excysted  juvenile  Fasciola 

hepatica  L;  J.  Parasitol  61  886-891 
Bennett  C  E  1975b  Scanning  electron  microscopy  of  Fasciola  hepatica  L.  during  growth  and  maturation  in 

the  movement;  J.  Parasitol.  61  892-898 

Bhalerao  G  D  1937  Studies  on  helminths  of  India  Trematoda.  IV;  J.  Helminthol.  15  97-124 
Eduardo  S  L  1980a  Bilatorchis  papillogenhalis  n.g.n.sp.  (Paramphistomidae:  Orthocoelinae),  a  parasite  of 

the  red  lech  we  (Kobus  leche  curry.  1850)  from  Zambia;  Syst.  Parasitol  1  141-149 
Eduardo  S  L  1980b  Orthocoelium  indonesiense,  a  new  species  of  amphistome  from  ruminants  in  Indonesia; 

Syst.  Parasitol  I  203-210 
Eduardo  S  L  1980c  A  new  genus,  Leiperocotyle,  for  Cotyhphoron  okapi  Leiper,  1935  and  C.  congolense  Baer, 

1936  and  redescription  of  C.  okapi;  Syst.  Parasitol  I  255-263 
Erasmus  D  A  1970  The  host  parasite  interface  of  strigeoid  trematodes  IX.  A  probe  and  TEM  study  of  the 

tegument  of  Diplostomum  phoxini  Faust,  1918;  Parasitology  61  35-41 
Fujino  T,  Ishii  Y  and  Choi  D  W  1979  Surface  ultrastructure  of  the  tegument  ofClonorchis  sinensis  newly 

encysted  juveniles  and  adult  worms;  J.  Parasitol  56  95-104 
Hicks  R  M  and  Newman  J  1977  The  surface  structure  of  the  tegument  of  Schistosoma  haematobium;  Cell  Biol 

Int.  Rep.  I  157-167 
Kuntz  R  E,  Tulloch  G  S,  Davidson  D  C  and  Huang  T  C  1976  SEM  of  integumental  surface  of  Schistosoma 

haematobium;  J.  Parasitol  62  63-69 
Miller  F  H,  Tulloch  G  S  and  Kuntz  R  E  1972  SEM  of  Integumental  surface  of  Schistosoma  mansoni;  J. 

Parasitol  58  693-698 

Morris  G  P  1973  SEM  of  trematodes  embedded  for  TEM;  J.  Parasitol  59  806-809 
Nadakavukaren  M  J  and  Noilen  P  M  1975  A  SEM  investigation  of  the  outer  surfaces  of  Gorgoderina 

attenuate;  Int.  J.  Parasitol  5  591-595 


SEM  studies  on  B.  karvei  533 

Nollen  P  M  and  Nadakavukaren  M  J  1974  Megalodiscus  temperatus  SEM  of  the  tegument  surface;  Exp. 

Parasitol.  36  123-130 
Pandey  K  C  and  Tewari  S  K  1982  SEM  studies  on  Phyllodistomum  vachius  Dayal,  1949  (Trematoda:  Digenea); 

Proc.  Life  Sci.  Human  Well  being.  25-27 

Sakamoto  K  and  Ischii  Y  1977  SEM  observation  on  adult  Schistosoma  japonica;  J.  Parasitol.  63  407-412 
Silk  M  H,  Spence  J  M  and  Buch  B  1970  Observation  of  Schistosoma  mansoni  blood  fluke  in  the  SEM  South 

African  J.  Med.  Sci.  35  23-29 
Tandon  V  and  Maitra  S  C  1981  Steroscan  observation  of  the  surface  topography  of  Gastrothylax  crumenifer 

(Creplin,  1847)  Poirier,  1883  and  Paramphistomum  epiclitum  Fischoeder,  1904  (Trematoda:  Digenea); 

J.  Helminthol.  55  231-237 
Tandon  V  and  Maitra  S  C  1982  SEM  observation  on  the  tegumental  surface  of  two  rumen  fluke  (Trematoda: 

Paramphistomata);  J.  Helminthol.  56  95-104 
Tullock  G  S,  Kuntz  R  E,  Davidson  D  L  and  Huang  T  C  1977  SEM  of  the  integument  of  Schistosoma  matthei 

Vegiin  and  Le  Roux,  1929;  Trans.  Am.  Microsc.  Soc.  96  41-47 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  6,  October  1984,  pp.  535-542. 
©  Printed  in  India. 


Specialized  integumentary  glands  of  house  rat,  Rattus  rattus 
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Abstract.  Specialized  integumentary  glands  have  been  observed  at  certain  specific  body 
regions  of  the  common  house  rat,  Rattus  rattus.  Diverse  zones  such  as  eyelid,  oral  angle, 
prepuce  and  circum  anal  possess  hypertrophied  skin  glands.  The  histophysiological  aspects  of 
these  integumentary  glands  are  reported.  These  specialized  sebaceous  glands  have  specific 
behavioural  relevance. 

Keywords.  Common  house  rat;  Rattus  rattus;  specialized  integumentary  glands;  histo- 
physiology;  tarsal  gland;  oral  angle  gland;  preputial  gland;  circum  anal  gland. 


1.    Introduction 

Animals  generally  deploy  diverse  modes  for  communication.  Regarding  mammals, 
mainly  three  viz,  chemical  (olfactory  or  gustatory),  mechanical  (tactile  or  sonic),  and 
radiational  (visual)  cues  are  involved  (Shorey  1976). 

Among  these,  olfactory  cues  with  airborne  odorous  molecules  involve  a  specialized 
form  of  chemical  reception,  entering  the  nasal  cavity.  The  major  sources  of 
behaviourally  significant  body  odours  are,  the  specialized  integumentary  glands,  saliva, 
urine  and  faeces.  Among  these,  the  glandular  secretions  of  specialized  skin  glands  play  a 
signatory  role.  Schaffer  (1940)  had  extensively  reviewed  the  specialized  skin  glands. 
According  to  Muller-Schwarze  (1967)  15  out  of  the  19  mammalian  orders  have 
specialized  skin  glands.  Generally  these  specialized  skin  glands  are  located  at  specific 
parts  of  the  body  in  correlation  to  the  habits  of  the  animal. 

There  are  two  types  of  skin  glands,  holocrine  sebaceous  and  apocrine  sudoriferous 
(Strauss  and  Ebling  1970;  Montagna  1971).  Specialized  clusters  of  sebaceous  glands 
occurring  in  the  skin  of  various  body  zones  have  been  reported  from  several  rodents, 
(Montagna  and  Noback  1946a;  Beaver  1960;  Quay  and  Tomich  1963;  Santhi  et  al  1975; 
Nair  and  Alexander  1981;  Glenn  and  Gray  1965;  Quay  1954a). 

The  common  house  rat,  Rattus  rattus  is  a  nocturnal  animal  whose  habits  necessitate  a 
well  developed  olfactory  communication  system.  Recent  studies  on  ethology  of  certain 
small  rodent  pests  like  the  wild  house  mouse,  Indian  field  mouse  and  Indian  palm 
squirrel  have  shown  that  they  possess  well  developed  integumentary  glands  having 
specific  behavioural  relevance  (Santhi  and  Alexander  1977;  Nair  and  Alexander  1981; 
Bhaskaran  and  Alexander  1982, 1983).  The  paper  deals  with  histophysiology  of  some  of 
the  specialized  skin  glands  of  R.  rattus.  The  data  obtained  from  the  present 
investigation  could  facilitate  the  elaboration  of  the  existing  concepts  on  olfactory 
communication  of  some  of  these  rodent  pests. 
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2.    Material  and  methods 

Healthy  adult  male  and  female  rats  (100  g  each)  trapped  alive  from  fields  around  the 
campus  were  kept  in  wire  mesh  cages  (45  x  25  x  25  cm)  individually  and  fed  on 
dry  tapioca,  groundnut  oil  cake,  and  tap  water  ad  libitum.  Each  cage  was  provided  with 
finely  cut  paper  for  nesting  and  one  or  two  empty  cans  as  hiding  place. 

The  animals  were  killed  by  over-etherisation  and  the  fur  from  the  regions  to  be 
examined  was  shaved  off.  Samples  of  skin  from  these  regions  were  excised,  processed 
and  sectioned  for  microscopic  examination.  For  histological  studies  samples  were 
trimmed,  blotted  and  fixed  overnight  in  alcoholic  Bouin's  fluid.  They  were  then 
dehydrated  in  alcoholic  series,  embedded  in  paraffin  wax  and  sections  (5-10  ju 
thickness)  were  cut  (rocking  A.O.  microtome).  The  paraffin  sections  were  stained  in 
Ehrlich's  haematoxylin  and  eosin  and  mounted  in  DPX. 


3.    Results 

Histomorphological  investigations  revealed  the  presence  of  specialized  sebaceous 
glands  in  the  eyelid  (tarsal),  oral  angle,  prepuce,  and  circum  anal  regions  of  R.  rattus. 


3.1    Tarsal  gland  (figures  la,  b) 

Hypertrophied  sebaceous  glands  were  observed  in  the  upper  and  lower  eyelids  of  both 
sexes,  being  distributed  along  the  entire  length  of  the  eyelid  concerned.  The  glands  are 
located  in  the  dense  connective  tissue  which  supports  the  free  edge  of  each  eyelid. 

These  glandular  elements  in  the  eyelids  are  not  associated  with  hair  or  hair  follicles. 
Actually  they  are  arranged  around  and  drain  into  a  few  lacunae.  The  number  of  lobes 
occurring  around  each  lacuna  exhibit  wide  variations  (6-10  lobes).  The  lacunae 
essentially  constitute  a  part  of  a  duct  which  runs  along  the  length  of  the  eyelid 
facilitating  the  collection  of  secretory  materials. 

The  glandular  zone  is  comprised  of  glandular  cells  arranged  in  groups.  It  is  enveloped 
externally  by  the  keratinized  epidermal  skin  of  the  eyelid.  The  gland  is  ensheathed  in  a 
well-developed  connective  tissue  sheath. 

The  glandular  cells  are  sebaceous  exhibiting  the  holocrine  mode  of  secretion. 

Table  1.    Histomorphology  of  tarsal  glands  of  both  male  and 
female  R.  rattus. 


Glandular  lobe  Width  of 
the  duct 


Sex  Width  (/*m)         Length 


Male  315-5+  17-35         309±36-9  27-39±0-43 

Female         411    ±15-91         339±  11-06          42-27±2-16 

Number  of  animals  studied-5  each;  average  weight  of 
male-122  g;  average  weight  of  female-85  g;  Each  mean  is  fol- 
lowed by  its  standard  error.  The  data  had  been  analysed 
statistically. 
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Data  regarding  the  width  and  length  of  the  glandular  lobe  and  width  of  the  duct  are 
given  in  table  1. 


3.2     Oral  angle  gland  (figures  2a,  b) 

A  group  of  hypertrophied  glandular  cells  exist  at  the  angular  junction  of  the  upper  and 
lower  lips  of  both  the  sexes  of  R.  rattus. 
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Figures  1  and  2.    1 .  Tarsal  gland.  2.  Oral  angle  gland,  a.  low  power  b.  high  power  (Du  duct; 
SL-secretory  lobe). 
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The  oral  angle  gland  is  ensheathed  by  the  epidermis  which  is  strongly  keratinized. 
Beneath  the  oral  angle  gland  is  the  papillary  layer  of  the  dermis  where  the  hair  follicle 
and  the  associated  sebaceous  glands  are  localized.  Sebaceous  glandular  cells  are 
associated  with  and  open  into  the  hair  follicle.  A  well-developed  connective  tissue  layer 
is  discernible  beneath  the  dermis.  Connective  tissue  was  seen  in  the  interglandular  area 
as  well. 

Table  2  provides  the  data  regarding  the  width  of  the  glandular  lobe. 


3.3     Preputial  gland  (figures  3#,  6,  c) 

Well  developed  preputial  glands  are  present  in  both  the  male  and  female  rats.  In  males, 
the  preputial  glands  appear  as  paired  structures  on  either  side  of  the  penis  and  in 
females  the  homologous  gland  is  associated  with  the  clitoris.  They  are  elongated 
flattened  organs  found  in  the  dermis  of  prepuce. 

The  gland  is  comprised  of  secretory  glandular  lobes,  which  are  formed  of  the  lobules. 
There  is  a  central  canal  into  which  the  lobular  ducts  drain  their  secretions.  The  lobules 
drain  their  secretions  into  the  duct  of  lobes  by  smaller  canals.  Preputial  glands  are 
typically  of  holocrine,  branched,  tubuloalveolar  type. 

Table  3  gives  data  regarding  the  histomorphology  of  the  preputial  gland. 


Table  2.    Histomorphology  of  oral  angle  gland  of 
R.  rattus* 


Sex 


Width  of  glandular  area 
(/an) 


Male 
Female 


297-6   ±10-05 
230-93  +  10-16 


*  See  footnote  to  table  1. 


Figure  3.    Preputial  gland      a.  separated,      b.  at  low  power,      c.  at  high  power. 
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The  circum  anal  gland  is  comprised  of  hypertrophied  sebaceous  glands  in  both  sexes. 
These  glands  are  not  associated  with  hair  follicle.  The  glandular  region  is  comprised  of 
secretory  glandular  units. 

The  histological  features  of  the  specialized  sebaceous  glands  of  the  circum  anal  zone 
are  similar  to  those  of  the  eyelids. 


Figure  4.    Circum  anal  gland  at       a.  low  power,    b.  high  power  (Du-duct;  SL-secretory 
lobe). 

Table  3.    Histomorphology  of  preputial  gland  of  R.  rattus.* 

Width  of  glandular  Width  of  central  Width  of 

Sex  lobe  (/mi)  canal  (/mi)  small  canal 

(/mi) 


Male  1353-26  ±14-75 

Female  1377      ±  19-7 


707-25  +  18-2  117  +  4-1 

480-52  ±20-92  91-20  ±5.97 


*  See  footnote  to  table  1. 


Table  4.    Histomorphology  of  the  circum  anal 
gland  of  R.  rattus* 


Sex 


Width  of  glandular 
area  (/mi) 


Male 
Female 


275-85  ±  17-71 
305-78  ±  10-51 


*  See  footnote  to  table  1. 
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The  data  regarding  the  morphometric  measurements  of  circum  anal  gland  are  given 
in  table  4. 


4.     Discussion 

The  specialized  integumentary  glands  are  considered  to  be  one  of  the  most  important 
sources  of  body  odour  in  mammals  (Wynne-Edwards  1962;  Gleason  and  Reynierse 
1969;  Johnson  1973;  Quay  1954a,  b,  1955,  1959,  1962,  1965,  1968,  1970;  Quay  and 
Muller-schwarze  1967;  Balakrishnan  and  Alexander  1977a;  Bhaskaran  and  Alexander 
1982).  Quay  (1953,  1954)  had  reported  the  presence  of  dorsal  glands  in  6  species  of 
Dipodymus,  Meibomian  glands  in  eyelids  of  microtines,  voles  and  lemmings  (Quay 
1954b),  the  angulus  oris  glands  in  79  species  of  rodents  (Quay  1962, 1965b),  and  caudal 
glands  in  15  species  of  pocket  mice  (Quay  1965a).  The  presence  of  a  ventral  gland  was 
reported  in  R.  norvegicus  (Montagna  and  Noback  1946a;  Beaver  1960). 

The  present  data  reveals  the  existence  of  specialized  integumentary  glands  in  eyelid, 
oral  angle,  preputial  and  circum  anal  regions  of  both  sexes  of  R.  rattus. 

The  tarsal  gland  of  R.  rattus  are  holocrine,  sebaceous  and  are  not  associated  with  hair 
or  hair  follicles.  This  could  be  compared  with  the  Meibomian  or  tarsal  glands 
discernible  in  the  eyelids  of  voles  and  lemmings  (Quay  1954b).  Glands  in  the  eye  angle 
have  been  reported  in  the  sugarglider,  Petaurus  breviceps  papuanus  (Schultze-Westrum 
1965).  The  marmoset  Callithrix  jacchus  possesses  Meibomian  glands  in  the  eyelids 
(Miraglia  and  Gomes  1969;  Miraglia  et  al  1970).  Recently  it  was  reported  that  tarsal 
glands  are  present  in  the  Indian  palm  squirrel,  Funambulus  palmarum  (Bhaskaran 
1982). 

Based  on  the  investigations  on  species  of  microtines,  Quay  (1968)  reported  that  the 
distribution  of  these  glands  in  the  eyelids  have  taxonomic  significance.  The  oral  angle 
gland  of  R.  rattus,  similar  to  normal  sebaceous  glands  are  associated  with  and  voiding 
into  hair  follicle.  Alexander  et  al  (1982)  reported  the  presence  of  oral  angle  glands  in  the 
Indian  field  mouse,  and  the  Indian  house  mouse. 

Preputial  glands  of  R.  rattus  exhibited  a  large  cavity  filled  with  dense  uniformly 
stainable  parenchyma  with  glandular  elements,  arranged  in  a  circular  fashion.  The 
preputial  glands  are  morphologically  and  functionally  specialized  skin  glands 
(Montagna  and  Noback  1946a).  During  the  course  of  specialization  they  delineated 
from  the  rest  of  the  skin  and  lost  all  traces  of  hair  or  hair  follicles. 

There  are  well-developed  sebaceous  glands  in  the  circum  anal  region  of  R.  rattus. 
These  glands  presumably  provide  an  additional  olfactory  cue  of  behavioural  relevance 
to  the  faecal  pellets.  The  wild  rabbit,  Oryctolagus  cuniculus  produces  "marking"  pellets 
which  are  deposited  on  dunghills  and  they  differ  from  ordinary  faecal  pellets  in  being 
thickly  covered  with  an  anal  gland  secretion  (Hesterman  and  Mykytowycz  1968).  In  the 
wild  house  mouse,  Mus  musculus  castaneus  (Nair  1977)  and  in  the  Indian  field  mouse 
M  us  booduga  booduga  (Santhi  1975),  faecal  pellets  are  reported  to  have  a  cue  value  in 
olfactory  communications. 

Studies  on  social  interactions  of  animals  in  captivity  have  shown  that  these 
olfactorily  relevant  specialized  glandular  regions  are  subjected  to  higher  intensity  of 
specific  grooming.  Such  grooming  behaviour  indicates  behavioural  relevance  in  as 
much  as  that  it  facilitates  the  dissemination  of  glandular  secretions.  Bioassay 
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experiments  for  elaborating  the  specific  behavioural  role  of  these  glandular  secretion 
are  in  progress. 
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Histology  and  histopathology  of  the  feeding  lesions  by  Cyrtopeltis 
tenuis  Rent.  (Hemiptera:  Miridae)  on  Lycopersicon  esculentum  Mill. 

(Solanaceae) 
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Abstract.  Aspects  of  histology  and  histochemistry  of  injured  tissues  of  Lycopersicon 
esculentum  Mill  due  to  feeding  by  the  mirid,  Cyrtopeltis  tenuis  Reut.  based  on  increased 
activities  of  proteins,  tannins,  peroxidases,  polyphenol  oxidases  and  acid  phosphatases  are 
discussed. 

Keywords.  Cyrtopeltis  tenuis;  Lycopersicon  esculentum;  histology;  histopathology  feeding 
lesions. 

1.  Introduction 

Mirids  are  serious  pests  of  many  cultivated  plants  causing  considerable  yield  reduction 
by  rapidly  draining  out  the  sap  and  also  inflicting  typical  symptoms  of  phytotoxemia 
leading  to  withering  of  young  plants,  malformation  of  plants  and  fruits  or  reduction  of 
seed  yield  (Awathi  1914;  Smith  1920;  Flemion  et  al  1954).  The  mirid,  Cyrtopeltis 
tenuis  Reut.  feeds  on  the  tender  shoots  and  leaves  of  tomato  and  to  cause  damage 
(David  and  Kumarasami  1978).  El-Dessouki  et  al  (1976)  reported  the  mirid  bug, 
Nesidiocoris  tenius  Reut  infesting  tomato  in  Egypt  and  studied  its  life  cycle  and  damage 
symptoms.  Detailed  information  relating  to  the  bioecology,  comparative  growth  rate, 
survival,  reproductive  efficiency  and  population  dynamics  of  C.  tenuis  on  the  crop 
Lycopersicon  esculentum  Mill  and  Luffa  cylindrica  Roxb  and  weed  hosts  Cleome  viscosa 
L  and  Gynandropsis  pentaphylla  DC  revealed  L.  esculentum  to  be  the  most  preferred 
host  plant  resulting  in  feeding  injuries  (Raman  unpublished).  This  paper  gives 
information  on  the  feeding  lesions  by  C.  tenuis  on  L.  esculentum  in  terms  of  histological 
and  histopathological  aspects  to  enable  proper  assessment  of  the  reactions  of  the  host- 
plant  to  insect  attack. 

2.  Material  and  methods 

The  mirid  bugs  collected  from  the  field  were  confined  to  excised  twigs  of  tomato  kept  in 
glass  chimneys  through  the  bottom  of  which  was  fitted  a  one-holed  cork,  the  cut  end  of 
which  was  immersed  in  water,  the  top  portion  being  covered  by  a  cloth  fastened  by 
rubber  bands.  For  histological  studies  healthy  and  injured  petiole/stem  portions  were 
collected,  hand  sections  were  made  and  stained  with  toluidine  blue.  Histocheinical  tests 
were  made  for  proteins  and  tannins  following  the  techniques  of  Reeve  (1959); 
peroxidase  (Burstone  1960);  polyphenol  oxidase  and  acid  phosphatase  following  the 
techniques  of  Jensen  (1960). 
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3.    Observations 

3.1  Symptoms  and  feeding  behaviour 

Adults  and  nymphs  of  C.  tennis  feed  on  tender  shoots  and  on  petiole  not  leaving  a 
stylet  sheath  at  the  feeding  site.  Mirids  transferred  onto  excised  shoots  showed  rapid 
movement  attempting  to  locate  a  suitable  feeding  site.  In  the  laboratory  4-5  individuals 
could  cause  externally  visible  feeding  symptoms  within  48-72  hr  of  their  feeding. 
Initially  a  water-soaked  area  developed  at  the  feeding  site  and  gradually  this  turned 
brown.  Frequent  stylet  insertion  and  desapping  of  the  tissues  along  the  stylet  track 
resulted  in  the  necrosis  of  cells  with  the  subsequent  appearance  of  a  brownish,  ring-like 
area  externally  around  the  stem/peticle  (figure  1).  Under  field  conditions  nymphs  and 
adults  often  appear  aggregated,  feeding  on  the  necrotic  area.  Extensive  feeding  by  4-5 
bugs  for  atleast  72-96  hr  leads  to  the  withering  of  the  stem/petiole,  followed  by  the 
drying  of  flower  stalks  and  shedding  of  flower  buds. 

3.2  Histology  and  histopathology 

C.  tenuis  fed  on  vascular  bundles,  particularly  the  phloem  tissues  and  the  neigh- 
bouring parenchyma  cells.  The  stylet  penetration  of  plant  tissue  was  inter-,  or 
intracellular  and  at  random  (figure  2).  As  a  result  of  continued  stylet  penetration  the 
cortical  area  along  the  stylet  track  becomes  brown  and  necrosed  gradually  up  to  the 
phloem.  Hypertrophy  and  hyperplasy  of  cells  surrounding  the  phloem  region  are 
evident,  which  later  get  transformed  into  a  brown-coloured  area  at  the  feeding  site. 
When  compared  to  healthy  tissues  (figure  3)  the  cells  of  injured  tissues  were  completely 
disorganised  and  compressed  laterally  (figure  4).  Stylet  penetration  and  necrotic  areas 
were  noticed  to  a  lesser  extent  in  the  pith  region. 

Normal  healthy  tissues  exhibited  a  mild  protein  deposition  with  well-organised 
vascular  elements  and  associated  parenchyma  cells  surrounding  them  (figure  5).  In 
injured  tissues  high  protein  localisation  is  evident  in  phloem  and  interxylery 
parenchyma  cells  extending  up  to  the  pith  (figure  6).  Peroxidase,  polyphenol  oxidase 
.and  acid  phosphatase  activities  are  evident  to  a  greater  extent  in  the  cortical  cells  nearer 
the  epidermis  (figures  7-12).  Oxidative  enzyme  activities  appeared  high  in  injured 
tissues  particularly  along  the  stylet  track  and  necrotic  areas,  as  well  as  in  the  sieve  tube 
elements  and  parenchyma  cells.  The  activity  was  also  very  distinct  in  regions  nearer  to 
the  feeding  zone  (phloem  tissues)  and  declining  progressively  towards  the  cortical  and 
pith  areas.  With  regard  to  tannins,  the  localisation  was  along  the  epidermal  cell  areas 
surrounding  the  phloem  (figure  13).  However,  healthy  cells  did  not  exhibit  any  positive 
reactions  to  tannins. 


4.    Discussion 

C.  tenuis  feeds  on  tender  portions  of  stem  and  petioles  without  leaving  stylet 
sheaths  at  the  feeding  site.  Feeding  lesions  are  characterised  by  the  appearance  of  water- 
soaked  brown  colouration  initially  at  the  site  of  infestation,  which  subsequently 
coalesce  to  form  a  brown-ring  around  the  stem  within  48-72  hr,  similar  to  the  lesions 
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Figures  1-6.  1.  Young  tomato  shoot  showing  damage  due  to  C.  tennis  feeding.  Arrow 
indicates  the  brownish,  ring-like  area  externally  around  the  stem;  2.  TS  of  injured  stem  of 
tomato  showing  the  feeding  zones  of  C,  tenuis  and  subsequent  necrosis  in  phloem  and 
adjoining  parenchyma  cells;  3.  TS  of  uninjured  stem;  4.  TS  of  injured  stem  showing  the 
zone  of  feeding  by  C.  tenuis;  5.  protein  localisation  in  uninjured  stem;  6.  protein 
localisation  in  injured  stem  showing  increased  activities  in  phloem  cells  and  adjoining 
parenchyma,  extending  mildly  towards  pith  region.  (Figures  3-6  represents  200  /mi). 
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Figures  7-13.  7.  Peroxidase  activity  in  uninjured  stem;  8.  peroxidase  activity  in  injured 
tissues  showing  increased  activities  at  the  feeding  area;  9.  polyphenol  oxidase  activity  in 
uninjured  tissue;  10.  polyphenol  oxidase  in  injured  tissues  showing  increased  activities  in 
phloem  and  cortical  cells;  11.  acid  phosphatase  activity  in  uninjured  stem  tissue;  12.  acid 
phosphatase  activities  in  injured  tissues;  13.  localisation  of  tannins  in  injured  tissues 
(figures  7-13  represents  200  /mi). 

caused  by  Helopeltis  on  cocoa  (Leach  and  Smee  1933).  While  generally  mirids  do  not 
appear  to  be  specific  of  the  plant  tissue  area,  they  seem  to  feed  on  diverse  tissues  like 
xylem,  phloem,  cortical  parenchyma  (Awathi  1914;  Smith  1920;  Flemion  et  al  1954),  and 
intrafasicular  cambium  (Hori  1971).  C.  tennis  feeding  is  restricted  to  the  phloem  tissues 
in  particular,  and  other  cortical  cells  in  the  stylet  path. 
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Evidence  of  increased  levels  of  amino  acids,  oxidative  enzymes  and  phenolic 
compounds,  in  coordination  with  the  enzymatic  digestion  by  salivary  polygalactu- 
ronase  has  been  recorded  in  the  damaged  area  as  a  result  of  feeding  by  various 
hemipterous  insects  (Strong  1970;  Hori  1973, 1975;  Hory  and  Atalay  1980).  Further,  to 
the  action  of  these  chemicals  the  feeding  areas  are  considered  as  regions  of  increased 
metabolic  activities  (Way  and  Cammell  1970)  characterised  by  an  action-imbalance  of 
growth-promoting  substances  (Hori  1975).  The  accumulation  of  peroxidases,  poly- 
phenol  oxidases,  acid  phosphatases,  proteins  and  tannins  occurring  in  higher  gradients 
at  the  feeding  spot  and  the  stylet  path,  as  seen  in  the  present  studies,  and  the  gradual 
decline  in  the  concentration  in  the  cells  of  the  neighbouring  areas  indicate  that  the 
insect  activates  the  cells  at  the  feeding  spot  enabling  to  obtain  a  continuous  nutrition 
suggesting  a  "sink-source"  relationship  as  envisaged  by  Way  and  Cammell  (1970). 
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Susceptibility  of  symbionts  of  Rhizopertha  dominica  F  to  various 
sulpha  drugs  in  vivo 
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Abstract.  Successive  generations  of  Rhizopertha  dominica  were  reared  on  sulpha  drugs 
mixed  diets,  at  varying  sulpha  drug  concentrations.  The  symbionts  from  the  above  treated 
insects  were  adversely  affected  but  the  drugs  failed  to  eliminate  them  totally.  Heavy  mortality 
as  well  as  loss  in  multiplication  potential  of  the  symbionts  occurred  when  concentrations  were 
increased.  There  was  comparatively  higher  mortality  of  symbionts  in  F2  and  F3  generations  as 
compared  to  Fl  generation.  The  sulpha  somids,  sulphadiazine  and  sulphathiozole  were  more 
effective  than  sulphamethaxazole  and  pentidsulphas.  These  observations  may  be  useful  for 
eliminating  the  obligatory  symbionts  from  the  host  for  controlling  it  biologically. 

Keywords.  Rhizopertha  dominica;  sulpha  drugs;  susceptibility;  symbionts;  mycetomes; 
mycetocytes. 


1.  Introduction 

The  cockroaches  (Blatta  orientalis,  Blattella  germanica  and  Periplaneta  americana) 
have  been  treated  successfully  in  vivo  with  sulphathiozole,  penicillin,  chloromycetin, 
chloroteramycin  and  oxytetracyline  (Brooks  and  Richards  1955,  1956;  Frank  1954, 
1956)  and  the  beetles,  Rhizopertha  dominica,  Oryzaephilus  surinamensis  and  Sitophilus 
oryzae  with  penicillin,  streptomycin,  oxytetracyline  and  chlorotetracyline,  (Steinhaus 
and  Bell  1954;  Huger  1956;  Schneider  1956). 

The  antimicrobial  activity  of  these  drugs  was  studied  in  detail  (Gabrani  1970;  Khan 
1974,  1976).  Khan  asserted  that  these  drugs  can  bring  about  disturbance  in  the 
symbiotic  balance  existing  between  host  and  symbionts.  He  isolated  Pseudomonas  sp 
from  Drosophilla  melangester  and  Klebsiella  sp  from  Idiocerus  clypealis,  these  micro- 
organisms developed  resistance  against  antibiotics.  He  explained  that  with  increase  in 
dosages  administered  to  successive  generations,  the  degree  of  inhibition  of  Klebsiella  sp 
decreased,  thereby  indicating  the  development  of  some  kind  of  resistance.  He  further 
found  that  symbionts  isolated  from  different  insects  (Idiocerus  clypealis,  Pyrilla 
perpusilla  and  Brevicoryne  brassicae)  were  highly  susceptible  to  gentamycin  and 
chloromycetin  in  vitro. 

Information  regarding  the  role  of  mycetomal  microorganisms  in  economically 
important  insects  is  still  far  from  complete.  Hence,  the  present  study  was  undertaken.  If 
the  role  of  such  symbiotic  microorganisms  is  worked  out  it  may  prove  another  suitable 
method  of  insect  control. 

2.  Material  and  methods 

Sulpha  drugs  and  their  different  concentrations  were  used  in  vivo.  The  desired 
concentrations  (0*005,  0-01,  0-02,  0-05,  0-1,  0-2,  0-3,  0-4  and  0-5%)  were  prepared  in 
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sterilized  double  distilled  water.  Small  pellets  of  wheat  flour  (500-1000  mg)  were  made 
in  the  above  solutions.  Twenty  dry  pellets  were  fed  to  50  adult  insects  previously  picked 
for  oviposition  for  20  days.  The  process  was  repeated  thrice. 

The  generation  that  emerged  from  the  treated  insects  was  retained  in  small  beakers 
for  20  days  to  lay  eggs.  Insects  were  then  removed  and  tested  for  the  presence  or  absence 
of  symbionts  in  their  body  tissues.  In  this  fashion  the  chemo therapeutics  were  regularly 
administered  orally  for  three  successive  generations  and  the  effect  of  sulpha  drugs  on 
the  symbiotic  microflora  present  in  mycetomes  and  mycetocytes  was  investigated  by 
microbiological  methods  as  described  earlier.  Portions  of  mycetomes  and  mycetocytes 
from  treated  insects  were  macerated  and  transferred  to  nutrient  broth  tubes  and  their 
growth  in  %  transmittance  was  taken  after  24  hr  of  incubation  at  30  ±  1°C.  It  was  then 
compared  with  that  of  other  concentrations  as  well  as  control. 

The  experiments  were  carried  out  in  an  insectary  at  30  ±  2°C  and  65  ±  5  %  RH.  The 
effect  of  each  of  the  sulpha  drugs  administered  through  feed  was  also  studied  on 
survival  of  insects  and  maturation  during  each  generation. 


3.    Results  and  discussion 

When  the  insects  were  reared  on  various  low  dosages  of  sulpha  drugs  for  three 
successive  generations,  its  symbionts  were  badly  affected  but  the  drugs  failed  to 
eliminate  them  totally.  Symbiotic  population  was  inhibited  or  suppressed  as  observed 
by  the  following  technique. 

Sulphasomids  rendered  marked  inhibitory  action  and  there  was  69,  60  and  88  % 
growth  of  symbionts  in  transmittance  in  the  respective  Fl,  F2  and  F3  generations  of 
R.  dominica  reared  on  0*005  %  concentrations  of  sulphasomids.  Higher  concentrations 
of  sulphasomids  produced  relatively  greater  inhibition  in  growth  except  0-1  %  which 
recorded  78, 88  and  88  %  transmittance  in  the  respective  Fl,  F2  and  F3  generation.  At 
the  highest  concentration  (0-5  %),  the  transmittance  was  90, 90  and  99  %  in  F 1,  F  2  and 
F3  generations  respectively  (table  1). 

In  sulphadiazine-fed  insects,  the  growth  of  symbionts  was  55,  65  and  69  %  in 
transmittance  at  0-005  %  concentration  in  the  respective  generations  and  its  effective- 
ness increased  with  higher  concentrations  leading  to  90, 92  and  99  %  concentration  in 
Fl,  F2  and  F3  generations  respectively.  It  is  interesting  to  note  that  there  was 
significantly  high  growth  in  Fl  at  0-2%  when  77,  80  and  80%  transmittance  was 
recorded.  Details  of  growth  in  percentage  transmittance  at  different  concentrations, 
mortality  and  survival  in  all  three  generations  are  given  in  table  2. 

In  sulphathiozole-treated  symbionts,  the  growth  reached  up  to  55,  60  and  79% 
transmittance  at  0-005  %  concentration  in  Fl,  F2  and  F3  generations  respectively.  Its 
inhibitory  action  increased  with  higher  concentrations  growth  of  this  symbionts 
dropped  as  observed  by  98, 97  and  99*66  %  transmittance  in  successive  generations  of 
insects  reared  on  0-5%  concentration  (table  3). 

Significant  growth  was  noticed  in  the  symbionts  from  insects  reared  on  0-005  % 
concentration  of  sulphamethaxazole  with  60, 70  and  77  %  transmittance  after  24  hr  of 
incubation.  The  growth  was  highly  retarded  at  higher  concentrations.  In  0-5% 
concentration  the  percent  transmittance  was  97,  98  and  99  respectively  (table  4)  in 
successive  generations. 

Pentidsulphas  was  the  least  effective  of  all  the  drugs  tested.  In  0-005  %  concentration 


Susceptibility  ofsymbionts  of  R.  dominica 


551 


'5 

1 

1 

G 

ro    T-H    ^    f^l    C?s    O   »~*    O   O 

.23 

& 

O 

U 

c<J 

G 

G 

1 

.2 
1 

•S     J>     «j 

•S  §  2 

§gssg§i§gg£ 

IS 

a 

1 
So 

5^6 

C/l 

"O 

•a 
s 

13 

o 

•^  ^  ^  i 

I 

C/D       >•     O\ 

°°°2°^SS° 

G* 

E 

HH       W5 

.2 

1 

1 

o 

C 

.S 

0 

0 

G 

^m(N^-5^5- 

1 

cT 

O 

U 

JG 

0 

t 

CN 

"S 

G 

U- 

0) 

U 

O 

GO 

"c 

2 
c 

111 

o  0  go  g  oc  g.  g.  g  o 

«J 
G 

•0 

2  \p  "5 

_CO 

•s 

^ 

O  c  N  fa 

CO 

G 

3> 

i 

§ 

•£ 

VH 

"O 

£ 

8  .§  -^ 

1  t  t 

SSSICgSSRS 

1 

J&1 

*"""  S 

<u 

3 

*j 

W5 

G 

O 

0 

"s 

C 

.2 

M> 

3;v>m<Nw><N3;«^cn 

1 

-—V 

a 

| 

i 

£ 

"o 

i 

G 

.2 

•-  A  g 

1 

'•3 

1 

III 

gOggoOgx^gg 

""i 

'o 

1 

1^1 

1 

*  s' 

1 

—  , 

•«g 

»-5  ".S 

fti    ,>    C^ 

v>vn«/~>V}V">Oi/''>ov"* 

G 

W3       >     0\ 

oot~-r^-i  —  vor-r^-vo^o 

J£   o 

»—  i     3    V"" 

g 

48 

rti 

H<  ^ 

.J2 

\5 

S 

JJ 

8  §1 

O   *-  •  <N  *n 

ooooooooo 

•o 

all 

1 

552 


Rashid  Hasan  and  Absar  M  Khan 


§ 

3 


o 

•8 


O 
M 


•O 
*0 


| 

C 

m- 

a 

1 

CO 

III 

1 

|c\°l 

H 

1  *l  ?? 

>-H        3     ^"^ 

K) 

C 

o 

oT 

0 

c 

.2 

£J 

«j 

.g    q    2 

S 

§ 

S  2  g 

00 

r^  ^   S 

"O 

1 

*-  13 

O     5^    ^—v 

w     >   o\ 

1 

o 

C? 

u 

^ 

S    •    di 

"-• 

-C     C     c 

2 

§ 

§  g  g 

00 

1 

?  1  9 

j!  !  ^ 

§  |39 

e    -O   *o.  o\ 

o  S  &^- 

(J    *-    ctf 

S 


O   I-H   <N    »0 

v^'       ooooooooo 


Susceptibility  of  symbionts  of  R.  dominica 


553 


+3 

'5 


C 
O 
JD 
S 


o 

I 


1 


-£« 

3 


g 
*3 


1s! 


•g  g  ^ 

W5     '>    C5\ 


^  , 

"*  W 

I  I 

O  *!• 


tn    >  o\ 

»5     3   "     ' 


§|& 


^" 


8T-H 
O 

oo 


o  c±>  6  6  6 


554 


Rashld  Hasan  and  Absar  M  Khan 


-C 

| 

•0           ^ 

C 

.5 

fn 

6 

i 

CO 

G 
.2 

1 

eneration  ( 

||| 
e^l 

r"*-   oo   O\   C^i   rn   ro   »-H 
r-  i>-  r-  r-  oo  oo  o\ 

fc 

60 

o«\  E 

T5 

a 

WH 

6 

0 

H 

_  ._, 

'S 

•K    rt 

8  .&  Q 

CO       >     C5\ 

0  0  0  0  «o  «r»  wo 

E 

>5     3    "^ 

J§ 

CO 

c 

0 

_?? 

*O 

"S 

C5 

*n  m   (N   »o   ,-H  -^  rn 

o 

O 

1 

1 

U 

.22 

o 

G 

]£ 

•o 

cd 

| 

111 

o  .  e  -ts 

r-  r-«  r-  r~-  oo  oo  os 

u.   \p   rj 

S"~"* 

•o 

O  oN   g 

C 

S 

JS 

•*-j      cfl 

1 

<U    -^    \c 

CO      >     0\ 

vo  r-  r*-  oo  oo  vo  r~- 

i 

>S     D    ^" 

CO 

o 

"o 

So 

-»-> 

TJ-  «/->  co  fN|  »o  rs  ^f 

i 

1 

"T    Tf    <<t    Tf    Tf    -cf    -4 

-o 

*-< 

G 

sS 

2 

C 

•  S      '       o 

«§ 

•2 

2     G     ° 

up 

•3 

*o 

2 

U 

C 

S  S  3 

Sxe| 

SO   ON   *o   O   v>  O 
t^  r~-  r^>  oo  oo  os 

!-• 

S 

o  o\  E 

.§ 

E 

—i 

•^  -5 

08 

SI.  9 

»S  P  ^^ 

R!8!8R88» 

C 

C 

:   c  "0 

J-S^xo 

|  a- 

*r> 
Q    '—  i   CS    «O 

O    O    O    O   -~<    <N   rn 

o  o  c5  o  o  o  o 

Susceptibility  of  symbionts  of  R.  dominica 


555 


1 

"o 

3 

O    ¥~H   ON   <N   ON   O   «—*   C?   O 

PT 

s 

1 

G 

.2 

•S       '       <L) 

c 
o 
IB 

2 

<U 

1 

III 

2    xo'g 
0   ox    S 

oor-r-r--cococooooN 

"H 

"rt 

0 

H 

-  13 

I 

V)       >     OX 

^G     ^    —  • 

O    *O    O    O    O    O    O    O    O 

S 

CA 

G 

0 

| 

>i 

"G 

inmfN*/~>»~i'<*fnT|pT—  i 

2 

rT 

a 

o 

fe 

"S 

G 

l-H 
0) 

0 

G      ,      „ 

'~*     v>     S< 

OO 

2 

-G     C     c 

*s 

'6 

a> 

?  S  1 

o     0  -ti 

ON(NONOOO<Nfn<NO 

t--t--t--r-cocococoON 

•s 

•O 

VH     >0     C 

o  o\  e 

e/T 

C 

at 

3 

0      "?      ^-x 

00 

1>     '**     X.O 

e«     >    ox 

^R^RSSSSS 

'•3 

tn 

G 

O 

<u 

| 

ff? 

Tt'»omcN'/^<N'«^'*nm 

o 

TJ 

c^r 

a 

1 

G 

.S    •    o 

O 

55 

•s 

-C     C     c 

Z 

«J 

s 

s^l 

oo^HTrr-^rvi^OQ 
r~-r-r-r—  OOOOOOOOON 

~ 

81 

O   o\   fc 

w  « 

1 

in  I 

llf? 

ojc-gooo^o^ 

^*   o 

H-H        3 

2  ~<3 

(/> 

an 

£H   (^ 

I 

3     G    T3 

I 

c 

Mis 

;  is    rt 

§OOO'7^(Nrn^»n 
oooooooci 

556  Rashid  Hasan  and  Absar  M  Khan 

the  transmittance  of  symbionts  growth  recorded  were  78,  79  and  80  %,  respectively,  in 
Fl,  F2  and  F3  generations.  While  in  0-5  %  concentration  the  transmittance  was  90, 90 
and  96  %  which  shows  lesser  growth  of  the  symbionts.  Details  of  effectiveness  of 
different  concentrations  of  this  sulpha  drug  are  summarized  in  table  5. 

The  sulphasomids,  sulphadiazine  and  sulphathiozole  were  more  effective  than 
sulphamethaxazole  and  pentidsujphas.  The  symbionts  isolated  from  F3  generation  of 
R.  dominica  showed  very  little  growth  when  the  insects  were  reared  at  maximum 
concentration  (0-5%)  of  different  sulpha  drugs  i.e.  sulphasomids,  sulphadiazine, 
sulphathiozole,  sulphamethaxazole  and  pentidsulphas  respectively  (tables  1-5), 
whereas  at  the  lowest  concentration  (0-005  %)  of  these  drugs  in  the  same  generation, 
inhibition  of  microbes  by  sulphasomids  was  maximum  as  per  transmittance  of  88  %. 

Although  total  elimination  of  symbionts  was  not  possible  the  present  information 
may  be  useful  for  further  work  on  insect  microbe  symbiosis. 
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Effect  of  phenol  on  the  phosphomonoesterases  and  ATPase  activity 
in  the  fish  Sar other odon  mossambicus  (Peters)  in  saline  waters 
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Abstract.  Effect  of  phenol  at  different  salinities  on  the  phosphomonoesterases  and 
adenosine  triphosphatase  activity  in  the  liver,  muscle  and  brain  of  cichlid  fish  Sarotherodon 
mossambicus  (Peters)  is  studied.  Results  indicate  a  general  decrease  in  the  activity  of  all  the 
three  enzymes  assayed.  The  pattern  of  decrease  shows  a  direct  linear  relationship  with  salinity 
and  the  toxicity  is  enhanced  as  salinity  increases.  The  possible  causes  for  the  reduction  in  the 
activity  of  the  enzymes  are  discussed. 

Keywords.  Environmental  toxicity;  salinity;  phenol;  ATPase;  phosphomonoesterases; 
Sarotherodon  mossambicus 


1.    Introduction 

Studies  on  the  effect  of  environmental  variables  on  the  toxicity  of  pollutants  have 
assumed  importance  recently  and  are  considered  in  the  evaluation  of  tolerance  limits  of 
pollutants  especially  for  aquatic  animals.  Such  limits  have  been  included  in  the 
establishment  of  water  quality  criteria  for  fish  (Alabaster  and  Lloyd  1982).  Monohydric 
phenols  constitute  one  of  the  main  pollutants  present  in  phenolic  wastes  and  affect 
aquatic  life  adversely  both  by  their  direct  toxicity  to  fish  and  the  heavy  demand  for 
dissolved  oxygen.  Previous  studies  show  that  acute  toxicity  of  phenol  is  increased  with 
decrease  in  dissolved  oxygen  content,  (Herbert  1962;  Lloyd  1961)  temperature  (Brown 
et  al  1967)  and  an  increase  in  salinity  (Brown  et  al  1967)  but  water  hardness  and  pH  of 
the  medium  have  little  effect  on  the  LCSO  value  (Herbert  1962). 

However  biochemical  studies  have  not  been  made  on  the  effect  of  environmental 
variables  on  the  toxicity  of  phenolic  wastes.  The  present  study  describes  the  sub-lethal 
effect  of  phenol  at  different  salinities  on  the  phosphomonoesterases  and  ATP  ase-activity 
in  the  fish  Sarotherodon  mossambicus  (Peters). 


2.    Materials  and  methods 

S.  mossambicus  collected  from  the  local  ponds  and  immediately  transported  to  the 
laboratory  were  maintained  in  unchlorinated  well-aerated  tapwater  in  large  cement 
aquarium  tanks.  They  were  acclimatized  for  one  month  during  which  period  they  were 
kept  under  normal  light  and  temperature  conditions  and  fed  with  cooked  rice  and  rice 
bran  daily  and  minced  prawn  muscles  once  weekly. 

Active  and  healthy  fish  (7-9  cm)  (13  ±  1-5  g)  were  used  for  experiments.  Sea  water 
collected  atleast  100  m  away  from  the  shore  was  used  to  prepare  the  different  grades  of 
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salinity.  Dilutions  at  20, 40, 60  and  80  %  grades  of  salinity  were  obtained  by  mixing  with 
unchlorinated  tapwater.  Groups  of  selected  fish  were  introduced  into  the  control  and 
experimental  glass  tanks,  having  different  dilutions  of  seawater  and  a  sub-lethal 
concentration  of  phenol  (1-71  mgl"1).  The  LC50  value  for  phenol  in  tapwater  for 
5.  mossambicus  (17-1  mgl"1)  was  calculated  by  a  straight  line  graphical  interpolation 
on  a  semi-log  graph  paper  and  reading  directly  the  value  from  the  line  where  it  crosses 
the  50  %  mortality  rate  (APHA  1980).  Controls  were  maintained  and  experiments  were 
conducted  for  24  hr,  1  week  and  5  weeks  simultaneously.  Water  from  each  experimental 
and  control  tanks  were  changed  daily  to  maintain  the  proper  concentration  of  phenol 
and  the  quality  of  water  (refer  table  1)  and  animals  were  fed  before  the  change  of  water. 

On  completion  of  the  experiment,  control  as  well  as  experimental  fish,  were  killed  by 
decapitation  and  liver  and  muscle  tissues  of  ventral  to  dorsal  fin  area  were  excised 
rapidly  and  the  brain  was  dissected  out  .The  tissues  were  washed  in  cold  saline,  weighed 
and  kept  frozen  at  —  20°C  until  further  analysis. 

Accurately  weighed  portions  of  tissues  were  homogenized  in  Tris-HCl  buffer  (pH 
7-4),  centrifuged  at  10000  g  in  a  refrigerated  centrifuge  for  15  min.  The  supernatant  thus 
obtained  was  used  to  measure  enzyme  activities.  Total  protein  was  estimated  using  the 
method  of  Lowry  et  al  (1951).  The  acid  and  alkaline  phosphatases  (orthophosphoric 
monoester  phosphohydrolase  E.G.  3. 1.3.1.)  were  assayed  as  described  by  Andersch  and 
Szesypinski  (1947),  and  the  adenosine  triphosphatase  (adenosine  triphosphate:  ATP 
phosphohydrolase  E.G.  3.6.1.3)  was  assayed  according  to  Shiosaka  et  al  (1971)  where 
the  liberated  inorganic  phosphorous  was  determined  by  the  method  of  Fiske  and 
Subba  Row  (1925).  The  significance  of  the  mean  values  of  enzyme  activities  between 
control  and  experimental  fish  was  analysed  using  students  t  test  (Spiegel  1961). 


3.    Results 

Table  1  shows  the  quality  of  water  maintained  during  the  experiments  and  conforms  to 
the  specifications  given  for  static  bioassay  in  standard  methods.  Increase  in  salinity  also 
increases  the  water  hardness  but  LC50  value  for  phenol  is  not  much  affected  by  water 
hardness.  Tables  2-4  show  the  sub-lethal  effect  of  phenol  at  different  salinities  on  the 
activities  of  acid  and  alkaline  phosphatases  and  Na*K+  dependent  ATpase  for  up  to  5 
weeks.  There  is  a  general  reduction  in  the  activity  of  all  the  three  enzymes  assayed  and 
the  maximum  reduction  is  observed  in  acid  phosphatase  (87-10%)  at  60%  salinity 
(table  2)  in  the  muscle  tissue  while  minimum  reduction  (48 ,%)  is  observed  in  alkaline 

,     Table  1.    Quality  of  water  maintained  during  the  bioassay. 

%  Salinity 


Parameter  Control  20  40  60  80 


Temperature  (°C) 

29  +  2 

29  +  2 

29±2 

29±2 

29±2 

Dissolved  oxygen  (mg  I"1) 

7-1+0-3 

7-0±0-4 

7-1  ±0-5 

6-9  ±0-4 

6-8  ±0-6 

pH 

74+0-2 

7-5  +  0-3 

7-4  ±0-4 

7-3  ±0-2 

7-3  ±0-2 

Total  hardness  (mgl"1) 

185  +  14 

205117 

237  ±19 

267  +  27 

281  ±21 

Values  are  mean  ±  SD 
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phosphatase  activity  in  brain  tissue  at  60  %  salinity  (table  3).  However,  Axpases  are  also 
affected  significantly  (79%  reduction  in  brain  tissue  at  60%  salinity). 


4.  Discussion 

The  pattern  of  decrease  in  activity  of  the  three  enzymes  studied  in  the  three  tissues 
shows  a  direct  linear  relationship  with  salinity  (tables  2-4).  The  sub-lethal  effect  of 
phenol  is  influenced  by  salinity  and  the  toxicity  is  enhanced  as  salinity  increases.  Similar 
inhibition  in  the  activities  of  acid  and  alkaline  phosphatases  was  observed  in  the  liver 
tissue  of  N.  notopterus  exposed  to  phenol  and  pentachlorophenol  by  Dalela  et  al  (1980) 
and  also  by  Verma  et  al  (1980)  in  the  same  fish  when  exposed  to  phenol  and  2-4 
dinitrophenol.  Supression  of  SDH  and  AChase  activity  in  nervous  and  other  tissues 
was  also  recorded  by  Raghunatha  and  Ramamoorthy  (1978)  in  sumithion  intoxicated 
T.  mossambica. 

Like  any  other  toxicant  phenol  enters  through  the  gills,  intestine  and  mucous 
membrane  of  the  fish,  gets  distributed  to  different  parts  of  the  body  where  it  affects 
various  systems.  Kelly  and  Syrett  (1964)  and  Loomis  and  Lipman  (1948)  have  pointed 
out  that  dinitrophenol  prevents  the  orderly  formation  of  energy  rich  compounds  prior 
to  the  synthesis  of  ATP,  thus  acting  as  uncoupling  agents/substances  that  hinder 
phosphorylatiori  that  normally  accompany  oxidation.  Also,  the  excess  toxicant  if 
present  injures  the  mitochondrial  system  significantly  such  that  the  action  of  the 
enzymes  is  blocked  (Simon  1953).  Hence  one  of  the  reasons  for  the  observed  inhibition 
of  acid  and  alkaline  phosphatases  and  ATP  ase  in  brain,  liver  and  muscle  tissues  of 

5.  mossambicus  may  be  due  to  the  depression  of  cellular  oxidation  of  the  uncoupling  of 
oxidative  phosphorylation. 

The  present  study  also  shows  that  increase  in  salinity  brings  about  higher  inhibition 
of  enzyme  activities.  Imbalance  of  mineral  metabolism  has  been  detected  in  the  rainbow 
trout  S.  gairdneri  exposed  to  emulsions  and  WSF  of  petroleum  in  freshwater  and 
seawater  by  Engelhardt  et  al  (1981).  Elevation  of  monovalent  ions  (Na+,  K+  and  Cl~), 
loss  of  Ca*  +  ions  and  increase  in  osmolality  were  observed  in  seawater  exposure. 
Impaired  osmoregulation  in  the  shrimp  P.  adspersus  exposed  to  WSF  of  the  north  sea 
crude  oil  has  been  reported  by  Baden  (1982).  Increased  uptake  of  mercury  at  higher 
salinities  and  temperature  has  been  recorded  in  the  black  lipped  oyster  S.  echinata 
(Denton  and  Burden  1981). 

Hence,  it  is  possible  that  at  higher  salinities  severe  hydromineral  imbalances  are 
induced  which  further  decrease  the  ability  of  the  fish  to  combat  the  effect  of  the 
toxicant.  Increased  uptake  of  phenol  is  also  possible  at  higher  salinities.  Salinity  may 
therefore  act  as  a  contributory  factor  to  phenol  in  increasing  its  toxicity  and  bringing 
about  the  observed  higher  inhibition  of  the  enzyme  activities. 


Acknowledgement 

One  of  the  authors  (SR)  is  thankful  to  CSIR  for  the  award  of  a  fellowship. 


Phenol  and  phosphatases  activity  563 

References 

Albaster  J  S  and  Lloyd  R  1982  Water  quality  criteria  for  fresh  water  fish  2nd  edn.  (London:  Butterworth 

Scientific) 
Andersch  M  A  and  Szezypinski  A  J  1947  Use  of  p-nitrophenyl  phosphate  as  the  substrate  in  determination  of 

serum  acid  phosphatase;  Am.  J.  Clin.  Pathol.  17  571-574 
APHA  1980  Standard  methods  for  the  examination  of  water  and  waste  water  (15th  edn)  (Washington  DC: 

APHA) 
Baden  S  P  1982  Impaired  osmoregulation  in  the  shrimp  Palaemon  adspersus  exposed  to  crude  oil  extract; 

Mar.  Pollut.  Bull.  13  208-210 
Brown  V  M,  Jordon  D  H  M  and  Tiller  B  A  1967  The  effect  of  temperature  on  the  acute  toxicity  of  phenol  to 

rainbow  trout  in  hard  water;  Water  Res.  I  587-594 
Brown  V  M,  Shurben  D  Gand  Fawell  J  K 1967  The  acute  toxicity  of  phenol  to  rainbow  trout  in  saline  waters; 

Water  Res.  I  683-685 
Dalela  R  C,  Rani  S  and  Verma  S  R  1980  Physiological  stress  induced  by  sub-lethal  concentrations  of  phenol 

and  pentachlorophenol  in  Notopterus  notopterus:  Hepatic  acid  and  alkaline  phosphatases  and  succinic 

dehydrogenase;  Environ.  Pollut.  21  3-8 
Dange  A  D  and  Masurekar  V  B  1982  Naphthalene  induced  changes  in  carbohydrate  metabolism  in 

S.  mossambicus  Peters  (Pisces:  Cichlidae);  Hydrobiologia  94  163-172 
Denton  G  R  W  and  Burdon  C  J  1981  Influence  of  temperature  and  salinity  on  the  uptake  distribution  and 

depuration  of  mercury  cadmium  and  lead  by  black  lipped  oyster  Saccostrea  echinata  Mar.  Biol  (Berl)  64 

317-326 
Engelhardt  F  R,  Wong  M  P  and  Duey  M  E  1 98 1  Hydromineral  imbalance  and  gill  morphology  in  rainbow 

trout  Salmo  gairdneri  acclimated  to  freshwater  and  seawater  as  affected  by  petroleum  exposure;  Aqua. 

Toxicol.  1  175-186 

Fiske  C  H  and  Subba  Row  Y  1 925  The  colorimetric  determination  of  phosphorus;  J.  Biol.  Chem.  66  375-400 
Herbert  D  W  M  1962  The  toxicity  to  rainbow  trout  of  spent  still  liquors  from  the  distillation  of  coal;  Ann. 

Appl.  Biol.  50  755-777 
Kelly  D  P  and  Syrett  P  J  1964  Inhibition  of  formation  of  ATP  in  Thiobacillus  thioparus  by  2 : 4  dinitrophenol; 

Nature  (London)  202  597-598 
Loomis  W  F  and  Lipmann  F  1948  Reversible  inhibition  of  the  coupling  between  phosphorylation  and 

oxidation;  J.  Biol.  Chem.  173  807-814 
Lloyd  R  1961  Effect  of  dissolved  oxygen  concentration  on  the  toxicity  of  several  poisons  to  rainbow  trout 

(Salmo  gairdnerii  Richardson);  J.  Exp.  Biol  38  447-455 
Lowry  O  H,  Rosebrough  N  S,  Farr  A  L  and  Randall  R  J  1951  Protein  measurement  with  folin  phenol  reagent; 

J.  Biol.  Chem.  193  265—275 
Raghunatha  K  R  and  Ramamoorthy  R  1978  Effect  of  sumithion  (fenitrothion)  on  some  selected  enzyme 

systems  in  the  fish  Tilapia  mossambica  (Peters);  Indian  J.  Exp.  Biol.  16  809-811 
Shiosoko  T,  Okuda  H  and  Fujii  S  1971  Mechanism  of  the  phosphorylation  of  thymidine  by  the  culture 

filtrate  of  Clostridium  perferingens  and  rat  liver  extract;  Biochim.  Biophys.  Ada  246  171-183 
Spiegel  MR  1961  Outline  of  theory  and  problems  of  statistics  (New  York:  McGraw  Hill) 
Simon  E  W  1953  Mechanism  of  dinitrophenol  toxicity;  Biol.  Rev.  28  453-479 
Verma  S  R,  Rani  S  and  Dalela  R  C  1980  Effects  of  phenol  and  dinitrophenol  on  acid  and  alkaline 

phosphatases  in  tissues  of  a  fish  (Notopterus  notopterus),  Arch.  Environ.  Contam.  Toxicol.  9  451-459 


6A 


Proc.  Indian  Acad.  Sci.  (Anim.  Sci.),  Vol.  93,  No.  6,  October  1984  pn  565-571 
©  Printed  in  India. 


Morpfao-histology  of  the  pituitary  gland  of  the  estuarine  teleost 
fish,  Valamugil  cunnesius  (Valenciennes) 
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Abstract.  Six  different  cell  types  were  identified  in  the  pituitary  gland  on  the  basis  of  their 
characteristic  arrangement,  distribution  and  staining  properties.  The  lactotrops  and  thyro- 
trops  were  identified  in  the  rostral  pars  distalis  and  the  corticortrops  in  the  interphase  between 
the  neurohypophysis  and  the  rostral  pars  distalis.  The  somatotrops  and  the  gonadotropic  cells 
were  distinguished  in  the  proximal  pars  distalis  and  the  melanotrops  in  the  pars  intermedia. 

Keywords.    Pituitary  gland;  Valamugil  cunnesius;  morpho-histology. 


1.     Introduction 

The  identification  of  different  cell  types  in  the  pituitary  gland  is  possible  by  the 
characteristic  arrangement,  distribution  and  the  staining  properties  of  different  cell 
types.  The  organisation  of  the  teleostean  pituitary  gland  has  been  the  subject  of  several 
reviews  (Sage  and  Bern  1971;  Holmes  and  Ball  1974).  Cook  and  van  Overbeeke  (1969) 
undertook  a  detailed  study  of  the  fine  structure  of  eta  cells  in  the  pituitary  gland  of  the 
adult  migratory  Sockeye  Salmon  Oncorhynchus  nerka.  Satyanesan  (1971)  scrutinised 
the  significance  of  the  structure  of  neurohypophysis  and  the  tetrapod-like  charac- 
teristics of  its  hypothalamo-hypophysial  vascularisation  in  Clarius  batrachus.  Haider 
and  Satyanesan  (1973)  undertook  histophysiological  studies  on  the  adrenocortico- 
tropic  and  pars  intermedia  cells  of  the  teleost  fish  Rita  vita  (Ham).  Satyanesan  and  Joy 
(1976)  studied  the  functional  cytology  of  the  pituitary  gland  of  Clarias  batrachus. 
Recently  the  pituitary  cytology  of  the  fish  Tilapia  mossambica  (Peters)  was  investigated 
by  Joy  and  Satyanesan  (1980). 

In  this  study  an  attempt  has  been  made  to  investigate  the  morphological  and 
histological  characteristics  of  the  pituitary  gland  of  Valamugil  cunnesius. 


2.     Material  and  methods 

The  fish  (12-1 8  cm  in  total  length  and  in  stage  II  of  sexual  maturity)  collected  from  the 
brackish  waters  of  Cochin,  were  anaesthetised,  chilled  and  prepared  for  dissection  to 
avoid  postmortem  changes  in  the  pituitary  gland.  The  dorsal  surface  of  the  skull  was 
opened  and  part  of  the  brain  excised.  The  details  of  the  morphological  features  were 
examined  under  the  microscope.  The  pituitary  gland  along  with  a  portion  of  the  brain 
was  fixed  in  aqueous  Bouin's  fixative  and  Kelly's  fluid.  Sagittal  and  transverse  sections 
of  the  whole  pituitary  gland  were  taken  (6-8  um)  using  a  rotary  microtome.  The 
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sections  were  stained  using  the  following  techniques  (i)  periodic  acid  schiff  (pAs)-orange 
G  with  celestine  blue  haemalum  sequence  (Me  Manus  1946,  modified  by  Pearse  1959). 
(ii)  chromium-haeniatoxylin-phloxine  (Gomori  1941)  (iii)  Orange-fuchsin-green  OFG 
(Slidders  1961)  (iv)  Mallory  Heidenhain's  (modified  after  Koneff  1938)  and  (v) 
Cameron  and  Steele  method  (1959). 

Microphotographs  showing  the  different  topographical  regions  and  the  cell  types  of 
the  pituitary  were  taken  (using  Olympus  photomicrographic  system — Model  PM 
10  AD). 


3.    Results 

3.1     Morphology 

The  pituitary  gland  of  Valamugil  cunnesius  is  a  compact,  slightly  cone-shaped  structure 
located  in  the  sella  turcica,  of  the  sphenoid  bone.  The  gland  is  encapsulated  in  dura 
mater  and  is  situated  ventral  to  the  brain,  immediately  behind  the  optic  chiasma  and 
above  the  capillary  network,  the  rete  mirabile.  The  gland  is  of  the  cranio-leptobasic 
type,  having  a  short  stalk  entering  the  gland  from  the  anterior  side  and  is  vascularised 
by  the  branches  of  the  internal  carotid  artery  (figure  1). 

Microscopic  observation  of  the  whole  pituitary  gland  showed  that  it  is  composed  of 
four  well-defined  regions  viz  the  frontal  lobe,  the  rostral  pars  distalis,  the  middle  lobe, 
the  proximal  pars  distalis,  the  distal  lobe,  the  pars  intermedia  and  the  neurohypophysis 
innervating  the  pars  intermedia.  The  topographical  relations  of  the  regions  are  shown 
in  the  sagittal  sections  of  the  whole  pituitary  gland  (figure  2). 


A.  DORSAL  VIEW 
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Figure  1.    Diagrammatic  representation  of  the  brain  of  Valamuf^  cunnesius  showing  the  A. 
dorsal  view  and  B.  ventral  view  and  the  position  of  the  pituitary  gland. 
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3.2a  Rostral  pars  distalis  (RPD):  It  is  the  anteriormost  region  of  the  pituitary  gland 
occupied  by  acidophils  and  basophils.  The  acidophils  showed  affinity  to  aniline  blue 
and  acid  fuchsin  and  were  negative  to  PAS  orange  and  CHP.  These  cells  were  identified  as 
the  lactotrops  (figure  3).  The  basophils  in  this  region  were  identified  as  the  thyrotrops 
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Figures  2-7.  2.  Sagittal  section  of  the  pituitary  of  V.  cunnesius  showing  its  component  parts. 
OFG  (x  160);  3.  A  part  of  the  RPD  showing  the  lactotropic  and  thyro tropic  cells.  The  larger 
paler  cells  are  the  lactotrops  and  the  smaller  darker  cells  are  the  thyrotrops.  OFG  ( x  640);  4.  A 
part  of  the  RPD  and  PPD  showing  the  corticotrops  and  somatotrops.  CHP  ( x  320);  5.  A  part  of 
the  RPD  and  PPD  showing  corticotrops  and  somatotrops.  The  pale  cells  with  clear  nuclei  are  the 
corticotrops  and  the  darker  ones  are  the  somatotrops.  CHP  ( x  640);  6.  A  part  of  the  PPD 
showing  the  gonadotrops.  CHP  ( x  640)  7.  A  part  of  the  PI  showing  the  deeply  stained 
melanotrops.  Mallory  Heidenhain's  ( x  640). 
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(figure  3).  The  cells  lying  at  the  interphase  between  the  lactotrops  of  the  RPD  and 
neurohypophysis  were  identified  as  the  corticotrops.  The  cells  stained  only  faintly  with 
PAS  orange  G  and  were  negative  to  aldehyde  fuchsin  and  aniline  blue  (figures  4  and  5). 

3.2b  Proximal  pars  distalis  (PPD):  There  is  no  line  of  clear  demarcation  between  the 
RPD  and  PPD,  but  the  regions  could  be  distinguished  by  the  differential  staining  of  their 
cells.  The  basophils  found  in  this  region  were  identified  as  the  gonadotrops  (figure  6). 
These  cells  are  strongly  pAS-positive,  aldehyde  fuchsin  positive  and  aniline  blue  positive. 
The  acidophilic  cells  were  identified  as  the  somatotrops  (figure  5).  These  cells  stained 
positively  with  PAS  orange  G,  Mallory  Heidenhain's  and  acid  fuchsin  and  the  granules 
were  negative  to  aldehyde  fuchsin  and  CHP.  They  were  found  more  abundantly  in  the 
peripheral  regions  of  the  neurohypophysis. 

3.2c  Pars  intermedia  (PI):  This  distal  region  surrounding  the  neurohypophysis  is 
the  smallest  region  which  was  extensively  innervated  by  the  neurohypophysial  tracts 
and  was  mainly  constituted  by  the  deeply  stained  basophils.  These  cells  which  stained 
positively  with  PAS  orange  G  and  OFG  were  identified  as  the  melanotrops.  The 
melanotrops  were  negative  to  Mallory  Heidenhain's,  CHP  and  aldehyde  fuchsin  (figure 
7). 

3.2d  Neurohypophysis:  The  major  components  of  this  region  were  the  neuro- 
secretory  nerve  fibres  arising  in  the  preoptic  nucleus.  The  neurohypophysial  processes 
that  interdigitate  with  the  pars  intermedia  have  a  central  canal  continuous  with  the 
brain  cavity.  Lining  the  canal  were  the  pituicytes  which  were  surrounded  by 
neurosecretory  nerve  fibres  that  synapse  with  the  pituicytes  (figure  2). 

The  reactions  of  the  different  cell  types  to  the  five  different  staining  methods  are 
indicated  in  table  1. 


4.    Discussion 

The  pituitary  gland  of  V.  cunnesius  belongs  to  the  cranio-leptobasic  type.  The 
lactotrops  of  V.  cunnesius  which  did  not  show  any  definite  pattern  of  arrangement  were 
identified  in  the  RPD.  This  observation  agrees  with  those  of  Olivereau  and  Ball  (1964)  in 
Poecilia.  The  lactotrops  of  V.  cunnesius  were  negative  to  PAS  orange  G.  The  thyrotrops 
were  identified  between  the  lactotrops  in  V.  cunnesius  and  this  finding  is  in  accordance 
with  Olivereau  (1967)  who  also  made  similar  observations  in  the  RPD  of  Anguilla 
anguilla.  The  thyrotrops  of  V.  cunnesius  stained  positively  with  PAS  orange  G,  aldehyde 
fuchsin  and  Mallory  Heidenhain's,  but  negatively  with  CHP  and  acid  fuchsin.  In  Tilapia 
mossambica  the  thyrotrops  were  identified  in  the  proximal  pars  distalis  along  with  the 
gonadotrops.  The  thyrotrops  and  gonadotrops  in  T.  mossambica  stained  alike  with  PAS, 
aldehyde  fuchsin  and  aniline  blue;  those  cells  which  showed  significant  hypertrophy 
during  breeding  were  identified  as  the  gonadotrops  (Joy  and  Satyanesan  1980). 

In  this  study  the  corticotrops  were  found  in  rostral  pars  distalis  adjacent  to  the 
neurohypophysis  and  this  agrees  with  the  observation  of  Olivereau  (1967).  The 
corticotrops  stained  only  faintly  with  PAS  orange  G  in  V.  cunnesius  and  were  negative  to 
aldehyde  fuchsin  and  aniline  blue. 

The  acidophilic  cells  observed  in  the  PPD  were  reported  as  somatotrops  by  Sage  and  Bern 


Morpho-histology  of  the  pituitary  of  V.  cunnesius 


569 


6 

a 

•o 

_3 

«i 

'55 

=3 

QJ 

ctf 

I 

•£ 

"8 

O 

ed 

"S 

'o 

C 

"Sb 

03 

's 

Remarks 

Pituitary  cells  were 
stained  purple  and 
cells  orange  yellow 

Acidophils  stained  i 

<u 

3 
J2 
'J3 
ex 

g 

J8 

•o 

§ 

C 

"S 

00 

0 
C 

."2 
•3 

I 

Acidophils  stained  i 
and  basophils  blue 

1 

T3 

C 

stained  positive 

Prolactin  and  TSH  c 
stained  positive. 

.£ 
'3 

00 

0 

c 
-o 

3 

1 
1 

1 

'cL 

00 

S 

•S 

o-       <8 

is 

tt  , 

>*»  .«  •»-* 

'3 

o 

*ri    >>  o* 

+ 

4- 

i 

| 

1 

CA 

w 

a   a  2 

i-r            d. 

1 

a 

£ 

c 

>% 

2 

53 

<S 

> 

'•3 

M    i   .2    33 

4- 

1 

. 

4- 

1 

i 

^ 

PH  .C     g     2    , 

4- 
4- 

1 

1 

4- 

I 
1 

bo 

S 

o 

'c 

s 

'S 

* 

4- 

"a3 

§                *K 

-}- 

1 

4- 

4- 

1 

M 

o 

i  «,     5 

4- 

1 

4- 

4- 

1 

1 

O 

11 

i 

i_i 

X   "O 

4- 

r!^ 

O                   I 

1 

1 

CO 

1 

u               ft 

.   4- 
4- 

4- 

4- 

1 

CU 
i 

.S 

>' 

CO 
JO 

3 

1 

1 

4- 

4-, 
4- 

1 

I 

1 

C 

^        < 

4~ 

"*~ 

4- 

1 

ft* 

2 

*3 

+ 

CJJ 

CO 

•^- 

.0 

'-3 

IT 

E 

22       s 

4- 

I 

4- 

I 

4- 

.« 

c3 

&    P 

4- 

1 

4- 

1 

4- 

'53 

"a 

__ 

Q 

0 

g 

>. 

09 

.8 

O 

I 

+ 

4- 

1 

4- 

0 

£ 

0- 

1 

4- 

4- 

4- 

4- 

i-< 

o 

+ 

C« 

C 

.2 

t> 

a 

$ 

0 

00 

0 

.5 

"S 

"c 

'S 

"S 

0 

O 

.S 

"5 

* 

^.J 

8 

X 

„ 

g 

M 

i 

I 

0     ^ 

0 

g 

"c 

! 

1 

(3 

L* 

S 

c 

00 

c 
.2 

c 

'3 

CO 

PAS  orange  G 
celestine  bh 
haemalum  s 

Chromium  ha< 

<u 

c 

'§ 

1 

1 

T3 

OFG  (Slidder's 

I 

Cameron  and 

*O 
* 

o 

A  -7A 


570  Asha  Narayan  et  al 

(1971).  It  was  observed  that  the  somatotrops  in  V.  cunnesius  stained  positively  with  PAS 
orange  G  and  acid  fuchsin  and  negatively  with  CHP  and  aldehyde  fuchsin.  A  clear 
prominent  nucleus  could  be  recognised  in  these  cells.  In  Oncorhynchus  kisutch  the 
somatotrops  are  arranged  as  cords  of  cells  running  roughly  dorso-ventrally,  separated 
by  clearly  defined  sinusoidal  channels  (Leatherland  and  Sonstegard  1981). 

Gonadotrops  usually  lie  in  the  proximal  pars  distalis  in  the  ventral  and  lateral 
regions.  In  0.  kisutch  gonadotrops  were  located  in  the  PPD  as  cords  of  cells  (Leatherland 
and  Sonstegard  1981).  The  gonadotrops  of  V.  cunnesius  stained  positively  with  PAS 
orange  G  and  aniline  blue.  PAS,  aldehyde  fuchsin  and  aniline  blue  positive  granules  were 
observed  in  the  gonadotrops  of  0.  nerka  (Van  Overbeek  and  Me  Bride  1967). 

The  melanotrops  are  the  basophilic  cells  located  in  the  pars  intermedia.  The 
melanotrops  of  V.  cunnesius  stained  positively  with  PAS  orange,  G.  PAS  positive  cells 
have  been  described  in  the  pars  intermedia  of  several  teleosts  (Joy  and  Satyanesan 
1979).  The  salmonids  however  appeared  to  lack  the  PAS  positive  cells  as  observed  by 
Leatherland  and  Sonstegard  (1981). 

The  structure  of  the  neurohypophysis  in  teleosts  has  been  reviewed  by  Sage  and  Bern 
(1971).  The  major  components  of  the  neurohypophysial  region  of  V.  cunnesius 
consisted  of  the  neurosecretory  nerve  fibres  arising  in  the  preoptic  nucleus. 
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Abstract.  Ecology  of  the  zooplankton  of  Kadinamkulam  Backwater,  a  brackish  water  lake 
along  the  south-west  coast  of  India,  has  been  studied  from  February  1980-January  1981. 
Seasonal  distribution  of  the  zooplankton  followed  an  uniform  pattern  throughout  the 
backwater.  Zooplankton  in  the  Kadinamkulam  Backwater  is  composed  of  foraminifers, 
coelenterates,  nematodes,  rotifers,  chaetognaths,  polychaetes,  cladocerans,  ostracods,  am- 
phipods,  copepods,  decapod  larvae,  insect  larvae,  bivalves,  tunicates,  and  fish  eggs  and  larvae. 
Among  these,  rotifers,  copepods  and  copepod  nauplii  are  the  major  components  which  form 
the  bulk  of  the  zooplankton  (nearly  98  %).  A  distinct  regional  variation  is  discernible  in  the 
dominance  of  zooplankton  components.  Copepods  constitute  the  dominant  group  near  the 
barmouth  and  middle  portion  of  the  backwater,  while  rotifers  are  dominant  in  the  upper 
reaches,  where  freshwater  influx  was  relatively  high.  Factors  influencing  seasonal  variation  and 
distribution  have  also  been  discussed. 

Keywords.  Zooplankton  ecology;  major  components;  numerical  abundance;  peak  occur- 
rence; seasonal  distribution. 

1.  Introduction 

In  a  broad  sense  plankton  is  considered  as  an  index  of  fertility  (Prasad  1969)  and  the 
landings  offish  are  directly  proportionate  to  the  quantity  of  plankton  (Chidambaram 
and  Menon  1945).  Because  of  its  importance,  considerable  work  has  been  done  on  the 
plankton  of  Kerala  backwaters.  A  review  of  earlier  literature  reveals  that  most  of  the 
studies  are  confined  to  the  Cochin  Backwaters  (George  1958;  Menon  et  al  1972;  Nair 
and  Tranter  1972;  Haridas  et  al  1973;  Wellershaus  1974;  Silas  and  Pillay  1975; 
Madhupratap  1978).  Attempts  have  also  been  made  to  study  the  plankton  ecology  of 
Kayamkulam  Lake  (Mary  John  1958),  Ashtamudi  Estuary  (Divakaran  et  al  1982), 
Edava-Nadayara-Paravur  Backwaters  (Azis  1978;  Azis  and  Nair  1982)  and  Veli  Lake 
(Arunachalam  et  al  1982).  However,  no  attempt  has  hitherto  been  made  to  examine  the 
zooplankton  ecology  of  Kadinamkulam  Backwater — &  brackish  water  lake  of  southern 
Kerala.  As  part  of  an  ecological  study,  the  hydrography,  primary  productivity  and  fish 
fauna  of  this  backwater  have  been  investigated  by  Nair  et  al  (1983a,b,  1984).  The 
present  paper  deals  with  the  seasonal  distribution  of  zooplankton  in  relation  to  some 
'  ecological  factors. 

2.  Environment 

Kadinamkulam  Lake  (lat.  8C35 '-8°40'N  and  long.  76°45'-76°52'E)  (figure  1)  opens  into 
the  sea  at  Perumathura  by  a  temporary  barmouth.  The  Vamanapuram  River  flows  into 
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Figure  1.    Map  of  Kadinamkulam  Backwater. 


the  sea  through  this  opening.  During  the  present  study  the  barmouth  was  found  closed 
on  three  occasions  for  varying  durations.  The  backwater  is  connected  to  the 
Anchuthengu  Backwater  on  the  north  and  the  Veli  Lake  on  the  south.  Retting  of  coconut 
husks  in  shallow  enclosures  on  the  banks  poses  a  major  threat  of  pollution.  Three 
stations  were  selected  for  routine  samplings.  Station  1  is  situated  close  to  the  barmouth 
and  is  subjected  to  frequent  changes  through  tidal  waves  and  river  discharge.  Station  2 
represents  the  middle  portion  and  station  3  is  located  at  the  distal  portion  and  receives 
freshwater  discharge  from  the  Parvathiputhanar  Canal. 


3.    Materials  and  methods 

Plankton  was  collected  at  fortnightly  intervals  from  February  1980  to  January  1981  by 
horizontal  surface  hauls  (using  a  Nansen  type  plankton  net  made  of  fine  bolting  silk) 
(mesh  size  75  /z).  The  total  distance  over  which  the  hauls  were  made  was  kept  constant 
at  200  m.  The  samples  were  preserved  following  the  procedure  of  Currie  (1963)  and 
examined  using  standard  methods  (Tranter  1960).  Data  on  temperature,  salinity  and 
dissolved  oxygen  published  earlier  (Nair  et  al  1984)  were  used  for  finding  the 
relationship  between  these  parameters  and  the  distribution  of  zooplankton.  Data  on 
rainfall  and  river  discharge  were  obtained  from  the  Water  Resources  Division,  Public 
Works  Department,  Government  of  Kerala. 
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4.    Results  and  discussion 

4.1     Hydrographic  conditions 

Data  on  rainfall  and  river  discharge  are  shown  in  figure  2.  The  year  is  divided  into  3 
seasons  viz  pre-monsoon  (February-May),  monsoon  (June-September)  and  post- 
monsoon  (October-January)  on  the  basis  of  rainfall  brought  to  this  coast  by  south- 
west monsoon.  Maximum  precipitation  was  observed  during  June  followed  by  a 
decreasing  trend  thereafter.  River  discharge  showed  an  increasing  trend  during  the 
monsoon  with  a  peak  during  August.  Seasonal  variations  in  temperature,  salinity  and 
dissolved  oxygen  are  presented  in  figure  3.  Temperature  distribution  followed  an 
uniform  pattern  throughout  the  backwater  and  a  distinct  seasonal  pattern  was 
discernible.  It  varied  from  25-4-31-5°C  at  stn.  1, 28-2~33-8°C  at  stn.  2  and  28-3-34-6°C  at 
stn.  3.  It  was  maximum  during  the  pre-monsoon  and  minimum  during  the  monsoon. 
Salinity  ranged  from  7-8-28-9  x  10~3  at  stn.  1,  6-4-22-8  x  10~3  at  stn.  2  and  3-6-19-9 
x  10 "" 3  at  stn.  3.  Maximum  salinity  value  was  recorded  during  the  pre-monsoon.  There 
was  a  diminishing  trend  from  stn.  1  to  stn.  3  in  the  backwater  with  regard  to  salinity 
values.  During  the  present  study,  a  steep  decline  observed  during  the  pre-monsoon  was 
due  to  the  closure  of  the  barmouth  which  prevented  the  entry  of  seawater  into  the  lake. 
Dissolved  oxygen  varied  from  2-7-7-2  ml/1  at  stn.  1,  1-4-8-03  ml/1  at  stn.  2  and 
0-5-7-8  ml/1  at  stn.  3  with  minimum  values  during  June  at  stn.  1  and  in  October  at  stn.  2 
and  3. 


4.2     Seasonal  distribution  of  the  zooplankton 

Monthly   variation  of  the   total  zooplankton  at  all  the  three  stations  in   the 
Kadinamkulam  Backwater  is  presented  in  figure  4.  Seasonal  distribution  followed  an 
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Figure  2.    Monthly  variations  of  rainfall  and  river  discharge,  -and  nature  of  the  barmouth. 
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Figure  3.    Monthly  variations  in  surface  water  temperature,  salinity  and  dissolved  oxygen  at 
stn.  1,2  and  3. 
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Figure  4.     Monthly  variations  of  total  zooplankton  at  the  three  different  stations  in 
Kadinamkulam  Backwater. 


uniform  pattern  throughout  the  backwater.  In  general,  a  higher  numerical  abundance 
was  observed  during  December-June  and  it  was  low  during  July-November.  The 
highest  number  was  recorded  during  March  at  stn.  1  and  2  and  in  April  at  stn.  3.  There 
are  two  distinct  peaks,  a  major  peak  during  the  pre-monsoon  and  a  minor  peak  during 
post-monsoon.  Studies  by  several  authors  have  revealed  that  plankton  differs 
considerably  both  in  quality  and  quantity  from  place  to  place  and  from  time  to  time. 
The  present  zooplankton  distribution  was  very  similar  to  that  of  Cochin  Backwater 
with  regard  to  its  numerical  abundance  during  the  high  saline  pre-monsoon  period 
(Silas  and  Pillay  1975;  Madhupratap  1978).  But  in  the  Ashtamudi  Estuary  a  major  peak 
was  observed  during  the  monsoon  and  a  minor  peak  during  the  post-monsoon 
(Divakaran  et  al  1982).  However  in  the  Veli  Lake,  a  backwater  adjacent  to  the 
Kadinamkulam,  peak  incidence  was  observed  during  the  monsoon  at  the  barmouth, 
while  it  was  during  the  pre-  and  post-monsoon  periods  in  the  upper  reaches 
(Arunachalam  et  al  1982). 


4.3     Zooplankton  composition 

Different  physico-chemical  factors  have  their  varying  influence  in  the  estuaries  and 
convert  them  into  specialised,  dynamic  environments.  The  zooplankton  community 
occurring  in  these  habitats  consists  of  estuarine,  marine  and  freshwater  forms. 
Zooplankton  in  the  Kadinamkulam  Backwater  is  composed  of  foraminifers,  coelente- 
rates,  nematodes,  rotifers,  chaetognaths,  polychaetes,  cladocerans,  ostracods,  amphipods, 
copepods,  decapod  larvae,  insect  larvae,  bivalves,  tunicates  and  fish  eggs  and  larvae. 
Among  these,  rotifers,  copepods  and  copepod  nauplii  are  the  major  components  which 
constitute  the  bulk  of  the  zooplankton  (nearly  98  %).  A  distinct  regional  variation  was 
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discernible  in  the  dominance  of  zooplankton  components.  Copepods  constituted  the 
dominant  group  at  stn.  1  and  2  (52-89  %  and  55-75  %  respectively),  while  rotifers  were 
dominant  at  stn.  3  (75-93  %). 

Dominant  component  of  zooplankton  has  been  reported  to  vary  widely  in  different 
waters  (Madhupratap  1978).  However,  copepods  occupied  the  dominant  position  in 
Cochin  backwaters  (Madhupratap  1978),  Edava-Nadayara  backwaters  (Azis  1978), 
Ashtamudi  estuary  (Divakaran  et  al  1982)  and  Veli  lake  (Arunachalam  et  al  1982).  In 
Vellar  estuary,  Porto  Novo,  copepods  constituted  91  %  of  the  zooplankton  (Subbaraju 
and  Krishnamurthy  1972).  Recent  studies  in  Nethravati-Gurupur  estuary  also  revealed 
that  copepods  and  copepodites  together  formed  the  bulk  of  the  zooplankton  (Bhat  and 
Gupta  1983). 


4.4    Abundance  and  diversity 

Seasonal  distribution  of  the  different  zooplankton  components  in  the  Kadinamkulam 
backwater  is  presented  in  figures  5-7  and  station-wise  distribution  of  copepod  species  is 
presented  in  table  1.  Foraminifers  appeared  during  January-April,  June,  August  and 
November  only  at  stn.  1.  The  highest  number  was  recorded  during  August.  It  was 
represented  mainly  by  N onion  sp.  coelenterates,  represented  by  hydromedusae,  also 
appeared  only  at  stn.  1  during  January.  Though  chaetognaths  were  reported  as 
abundant  throughout  the  year  in  Cochin  Backwaters  (Vijayalakshmi  Nair  1975)  they 
appeared  in  Kadinamkulam  backwater  only  on  one  occasion  during  the  pre-monsoon 
period.  Nematodes  and  polychaetes  showed  periodic  incidence. 

Rotifers  formed  a  common  group  among  the  zooplankton  components  in 
Kadinamkulam  Backwater.  It  constituted  34-15%  of  the  total  plankton  at  stn.  1, 
39*82  %  at  stn.  2  and  75-93  %  at  stn.  3.  They  made  their  presence  throughout  the  year  at 
stn.  2  and  3  except  during  February,  August  and  September  at  stn.  1.  Like  other  major 
components,  a  declining  trend  in  rotifers  was  noticed  during  the  monsoon  period.  Their 
peak  occurrence  varied  regionally  with  maximum  numerical  abundance  during  March 
at  stn.  1,  and  with  two  peaks  at  stn.  2  (one  during  June  and  the  other  during  December- 
January).  At  stn.  3,  it  occupied  the  dominant  position  througout  the  year  and  showed 
two  peaks,  one  in  April  and  the  other  in  December. 

Cladocera  represented  by  Evadne  sp  and  Diaphanosoma  sp  exhibited  an  irregular 
distribution.  They  were  more  frequent  at  stn.  1  with  highest  number  during  March. 
Ostracods  and  amphipods  were  sparsely  observed  and  the  latter  appeared  only  at  stn.  3 
during  the  pre-monsoon  period. 

Copepods  dominated  at  stations  1  and  2  and  contributed  to  52-89  %  at  stn.  1, 55-75  % 
at  stn.  2  and  22-08  %  at  stn.  3  of  the  total  zooplankton.  From  the  results  a  definite 
seasonal  pattern  is  discernible  in  copepod  distribution  with  more  abundance  during  the 
high  saline  pre-monsoon  period  and  lesser  abundance  during  the  low  saline  monsoon 
period.  Their  peak  occurrence  varied  regionally,  in  April  at  stn.  1  and  in  March  at  stn.  2 
and  3,  resulting  from  the  swarming  of  Oithona  sp.  calanoids,  cyclopoids  and 
harpacticoids  formed  the  major  groups.  Of  these,  calanoids  dominated  in  diversity  and 
were  represented  by  Eucalanus  sp,  Acrocalanus  gibber,  A.  gracilis,  Centropages 
elongatus,  C.  alcocki,  Pseudodiaptomus  aurivilli,  Paradiaptomus  sp  and  Phyllodiaptomus 
sp  while  Oithona  sp  and  Mesocyclops  sp  represented  cyclopoids,  Euterpina  sp  and 
Canthocamptus  sp  were  the  harpacticoid  representatives.  A.  gracilis,  C.  elongatus, 
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Figure  5.    Seasonal  distribution  of  different  zooplankton  components  at  stn.  1. 
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Figure  7.    Seasonal  distribution  of  different  zooplankton  components  at  stn.  3. 


Oithona  sp  and  Mesocydops  sp  were  common.  Among  these,  Oithona  sp  was  the  most 
common  and  occurred  throughout  the  year.  Mesocydops  sp,  a  typical  freshwater 
copepod,  was  abundant  at  the  lesser  saline  stn.  3  while  C.  elongatus,  an  exclusively 
marine  species  was  more  common  at  the  high  saline  stn.  1. 

Copepod  nauplii  formed  a  significant  part  and  recorded  1 1.5  %  at  stn.  1, 4-30  %  at  stn. 
2  and  1*98%  at  stn.  3.  Their  highest  number  was  noticed  during  the  pre-monsoon 
period. 

Decapod  larvae  were  restricted  only  to  stations  1  and  2.  Among  these,  zoeae  of 
Brachyura  were  well  represented  and  occupied  the  dominant  position.  Their  numerical 
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Table  1.    Station-wise  distribution  of  copepod  species  in  Kadinamkulam  backwater. 

Species  Stn.  1  Stn.  2  Stn.  3 

Eucalanus  sp.  4-  4-  — 

Acrocalanus  gibber  4-  4-  ~ 

A.  gracilis  +  4-4- 

Centropages  elongatus  -f  4-  4- 

C.  alcocki  4-  —  — 

Pseudodiaptomus  aurivilli  +  •—  — 

Paradiaptomus  sp.  +  —  4- 

Phyllodiaptpmus  sp.  —  4-  4- 

Oithona  sp.  +  4  4- 

Mesocyclops  sp.  4-  —  4- 

Euterpina  sp.  4-  4-  4- 

Canthocamptus  sp.  —  4-  — 

(4-:  present;  -:  absent) 


abundance  was  comparatively  higher  at  stn.  1  with  a  peak  during  January.  Penaeid 
larvae  showed  an  irregular  distribution. 

Represented  by  Pentaneura  sp,  insect  larvae  appeared  at  stations  1  and  3  during  the 
pre-monsoon  and  at  stn.  2  during  the  monsoon  period.  In  the  Veli  Lake,  it  formed  an 
important  component  of  the  zooplankton  at  the  interior  region  with  a  peak  during  the 
pre-monsoon  (Arunachalam  et  al  1982). 

Larval  stages  of  Villorita  sp,  and  tunicates  represented  by  Oikopleura  sp  were 
recorded  from  stn.  1  during  February. 

Fish  eggs  were  limited  to  stn.  1  and  2.  Fish  larvae  appeared  only  at  stn.  1  throughout 
the  year  except  during  April,  May  and  July  with  a  preponderance  during  January. 


4.5    Factors  influencing  distribution 

Although  most  zooplankton  species  survive  under  a  wide  range  of  environmental 
conditions  their  growth  and  density  depend  on  a  number  of  physical,  chemical  and 
biological  factors  (Swar  and  Fernando  1980).  Hutchinson  (1967)  cited  numerous 
studies  which  indicated  that  temperature  regulated  the  birth  rate,  longevity  and  other 
population  characteristics  of  zooplankton.  The  availability  of  food  (Comita  and 
Anderson  1959;  Patalas  1972)  and  predation  by  planktivorous  fishes  and  invertebrates 
(Swar  and  Fernando  1980)  have  also  noticeable  effects  on  the  zooplankton  community. 
Kadinamkulam  Lake,  being  a  brackish  water  environment,  undergoes  frequent 
variation  in  the  physico-chemical  features.  Among  the  ecological  factors  salinity  is  by 
far  the  most  varied  physical  factor  with  a  range  of  3-6-28-9  x  10" 3.  The  extent  of  salt 
intrusion  depends  on  a  number  of  factors  such  as  tidal  regime,  quantity  of  rainfall  and 
freshwater  influx.  As  Kadinamkulam  Backwater  is  periodically  exposed  to  the  sea,  the 
condition  of  the  barmouth  (closed  or  open)  has  a  crucial  role.  In  the  present  study 
salinity  was  low  during  the  monsoon  period.  Zooplankton  distribution  in  the 
backwater  was  well  associated  with  salinity  distribution,  with  a  higher  numerical 
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abundance  during  the  high  saline  pre-monsoon  months  and  a  lower  abundance  during 
the  low  saline  monsoon  months.  The  effect  of  salinity  in  the  distribution  of  plankton 
has  been  discussed  by  Madhupratap  (1978)  and  Pillai  et  al  (1973)  in  the  Cochin 
Backwater.  Apart  from  salinity,  strong  currents  downstream  and  turbidity  may  be 
rendering  the  environment  severe  for  many  organisms  during  the  monsoon 
(Madhupratap  1978). 

Net  primary  production  in  the  backwater  varied  from  0-378-79  mg  C/m3/hr  and 
gross  primary  production  from  0-664-65  mg  C/m3/hr  with  respective  annual  average 
of  84-28  and  152-33  mg  C/m3/hr  (Nair  et  al  1983a).  The  backwater  is  most  productive 
during  the  monsoon  period.  Swar  and  Fernando  (1980)  discussed  that  the  amount  of 
food  available  to  zooplankton  is  proportional  to  gross  primary  production  of  the 
particular  water  body.  In  Kadinamkulam  Backwater  zooplankton  was  least  abundant 
during  the  monsoon  indicating  an  inverse  relationship  with  primary  production.  The 
intrusion  of  planktonic  organisms  from  the  sea  and  their  existence  in  the  lake 
depending  on  the  hydrographic  features,  especially  salinity  and  temperature  and  the 
ability  of  the  estuarine  and  freshwater  species  to  survive  under  the  widely  fluctuating 
conditions  of  the  environment  seem  to  determine  among  other  factors,  the  nature  of  the 
plankton  in  these  habitats. 
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Reduction  in  population  of  Indian  desert  rodents  with  anticoagulant 

rodenticides 
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Abstract.  Brodifacoum,  chlorophacinone  and  coumatetralyl  treated  pearl  millet 
(Pennisetum  typhoides)  grains  were  tested  in  a  desert  scrub  grassland  to  evaluate  the 
comparative  field  efficacy  of  these  three  anticoagulant  rodenticides.  Baits  were  placed  for  10 
consecutive  days  in  bait  stations  in  18  plots  of  one  hectare  each  in  a  randomized  block  design. 
Per  cent  reduction  in  rodent  population  was  calculated  by  pre  and  post-treatment  active 
burrow  counts,  census  baiting  and  live  trapping.  Results  revealed  that  brodifacoum  is 
significantly  more  effective  than  other  two  anticoagulants.  However,  analysis  of  variance 
revealed  significant  difference  in  the  estimation  of  per  cent  reduction  in  the  rodent  population 
calculated  by  three  methods,  the  possible  reasons  for  which  are  also  discussed. 

Keywords.  Anticoagulant  rodenticides;  desert  gerbil;  desert  rodents;  Meriones  hurrianae, 
rodent  control;  brodifacoum;  chlorophacinone;  coumatetralyl. 


1.  Introduction 

In  India  control  of  field  rodents  is  being  attempted  mainly  through  the  use  of  acute 
toxicant  zinc  phosphide.  We  have,  however,  also  studied  the  efficacy  of  certain 
anticoagulant  rodenticides,  and  have  found  that  they  are  quite  effective  under 
laboratory  conditions  against  various  desert  rodents  (Mathur  and  Prakash  1980, 
1981a,b,  1982).  Their  possible  use  for  the  control  of  bait-shy  residual  population  after  a 
zinc  phosphide  treatment  needs  confirmation.  Though  anticoagulant  rodenticides 
require  prolonged  treatments  than  the  acute  toxicants  yet  for  long-term  control 
operations  they  are  favoured  as  they  are  relatively  safer,  easy  to  use  and  fairly  efficient 
(Greaves  and  Rehman  1977).  Hence  the  efficacy  of  three  chronic  anticoagulant 
rodenticides  (brodifacoum,  chlorophacinone  and  coumatetralyl)  was  evaluated  for  the 
control  of  field  rodents  in  a  desert  scrubland  utilizing  three  census  methods  for 
comparing  the  control  success.  The  results  are  presented  here. 

2.  Study  area 

The  study  was  conducted  in  a  typical  desert  scrub  grassland  with  few  herbs  and  shrubs 
at  the  Central  Research  Farm,  Bikaner  (Lat.  28*01'  Long.  73"18')  in  the  Thar  desert  to 
avoid  variation  in  results  caused  by  differences  in  vegetation  cover,  species  composition 
of  rodents  and  infestation  rate. 

Six  blocks  were  selected  on  a  continuous  stretch  of  sandy  plain  with  almost  uniform 
vegetationandinfestationofrodents.  Each  block  wasfurther  divided  into  3  plots  of  one 
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hectare  each  with  a  45  m  border  between  the  plot  and  the  block  (in  accordance  with 
the  home  ranges  of  the  desert  rodents)  to  check  overlapping  in  feeding  on  poison  baits. 
Each  plot  represented  a  treatment  decided  by  randomized  block  design  (RBD). 


3.    Material  and  methods 

Anticoagulants  used  were  brodifacoum  (0-002%),  chlorophacinone  (0-0075%)  and 
coumatetralyl  (0-0375%),  mixed  with  pearl  millet  (Pennisetum  typhoides)  grains 
(Prakash  et  al  1978).  Brodifacoum  (ici )  was  obtained  as  pre-mix  containing  0- 1  %  active 
ingredient  and  was  diluted  to  furnish  0-002%  poison  in  the  bait.  Chlorophacinone 
(May  and  Baker)  was  a  liquid  concentrate  in  mineral  oil  having  0-28  %  concentrate  and 
diluted  to  0-0075  %  in  the  bait.  Coumatetralyl  (Bayer)  was  a  0-75  %  concentrate  powder. 
Five  per  cent  of  which  in  bait  gave  0-0375  %  coumatetralyl  treated  bait.  Arachis  (Arachis 
hypogea)  oil  was  used  as  an  adhesive  in  preparing  the  bait.  Poison  bait  (200-300  g)  were 
placed  inside  galvanised  iron  tubes  (25-30  cm  long  and  7*5  cm  in  diameter)  for  10 
consecutive  days.  On  an  average  12  bait  stations  were  placed  in  a  treated  plot  so  as  to 
cover  the  inner  90  m2  area  of  each  plot. 

Three  different  census  methods  were  employed  prior  to  and  post-baiting  to 
determine  the  relative  efficacy  of  the  3  anticoagulants  (Mathur  and  Prakash  1983)  viz 
active  burrow  counts  (Prakash  et  al  1971),  census  baiting  (Rennison  1975)  and  live 
trapping  (Peardon  1977). 


4.    Results 

Based  on  trapping  data  the  species  composition  of  rodents  in  the  study  area  revealed  a 
clear  dominance  of  the  desert  gerbil,  Meriones  hurrianae  (90  %);  others  were  sand- 
coloured  rat,  Rattus  gleadowi,  Indian  gerbil,  Tatera  indica  and  hairy-footed  gerbil, 
Gerbillus  gleadowi.  The  average  number  of  active  burrows  per  plot  selected  for 
brodifacoum,  chlorophacinone  and  coumatetralyl  treatment  were  536,  463  and  594 
respectively  which  indicates  a  very  high  resident  population  of  rodents — typical  of  this 
desert  region. 


4.1     Estimation  of  the  control  success 

4Ja  Active  burrow  count:  Highest  reduction  (90-5%)  was  obtained  with  brodi- 
facoum baiting,  followed  by  chlorophacinone  (83-2%)  and  coumatetralyl  (81-1%; 
table  1).  An  analysis  of  variance  of  the  percentages  revealed  that  variation  between  the 
blocks  was  not  significant  indicating  more  or  less  uniform  treatment  in  all  areas, 
whereas  difference  between  the  poisons  was  significant.  Critical  differences  indicated 
that  brodifacoum  was  significantly  (F  <  0-01)  more  effective  in  a  10-day  exposure  than 
either  of  the  other  two  anticoagulants  at  the  bait  concentrations  used. 

4.1b  Census  baiting:  The  control  success  estimated  by  this  method  in  8  plots  of  3 
blocks  each  revealed  that  brodifacoum  is  more  effective  than  the  other  two 
anticoagulants  (table  1)  with  a  10-day  and  a  4-day  lag  period  prior  to  the  post-baiting 
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Table  L    Variance  in  the  reduction  of  desert  rodent  population  as  calculated  by  active  burrow 
counts,  census  baiting  and  live-trapping  methods  using  3  anticoagulant  rodenticides. 

Treatments 
Methods  Brodifacoum         Chlorophacinone         Coumatetralyl  Mean 


Active  burrow  counts 

90-5 

83-2 

81-1 

84-9 

Census  baiting 

73-0 

62-6 

61-0 

65-5 

Live-trapping 

75-0 

73-6 

58-6 

65-7 

Mean 

79-5 

724 

66-9 

72-9 

Analysis  of  variance 

Source  of  Variance 

D.F 

S.S. 

M.S. 

F 

P 

Methods 

2 

1224-82 

612-41 

38-27 

0-001 

Treatments 

2 

353-39 

176-69 

11-04 

0-001 

Treatments  x  methods 

4 

79-43 

19-85 

1-24 

NS 

Error 

22 

352-11 

16-00 

— 

— 

NS — not  significant. 

census.  On  the  second  day  complete  'take'  was  found  at  43,  11  and  30  %  bait  stations 
with  brodifacoum,  chlorophacinone  and  coumatetralyl  baits  respectively.  Acceptance 
of  poison  bait  was  very  high  up  to  the  7th  day  (feeding  continued  at  76  %  of  the  bait 
stations)  and  declined  on  the  9th  day  (41  %). 

4.1c  Live  trapping:  Live  trapping  before  and  after  treatment  in  6  plots  of  2  blocks 
showed  that  brodifacoum  was  more  effective  than  chlorophacinone  and  coumatetralyl, 
as  judged  by  the  average  reduction  percentages  of  75,  73-6  and  58*3  respectively. 

4.2    Interaction  between  methods  and  treatment 

An  analysis  of  variance  employed  on  the  percentage  reductions  obtained  by  3  census 
methods  (table  1)  showed  that  the  treatment  difference  was  significant  at  1  %  level  and 
brodifacoum  maintained  its  superiority  over  the  other  two  poisons.  It  further  indicates 
that  using  any  of  the  methods  efficacy  trend  of  the  anticoagulants  remained  the  same. 
However,  significant  (P  <  0-001)  difference  was  found  between  the  percentage 
reduction  obtained  by  the  3  methods.  Results  obtained  using  active  burrow  counts 
differed  significantly  from  census  baiting;  between  the  latter  two  methods  the  difference 
was  not  significant  (table  1). 

Dead  M .  hurrianae  were  found  in  the  treatment  plots  from  the  3rd  day  onwards 
whereas  2  common  babblers  (Turdoides  caudatus)  also  died  apparently  due  to 
poisoning. 


5.    Discussion 

Brodifacoum  is  more  effective  than  the  other  two  anticoagulants  against  a  number  of 
rodent  species  (Dubock  and  Kaukeinen  1978;  Mathur  and  Prakash  1980)  including  the 
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subjects  of  the  present  study  (table  1).  However,  the  period  required  to  kill  100% 
rodents  in  the  laboratory  has  to  be  extended  considerably  to  achieve  this  level  of 
reduction  in  field  conditions.  For  example,  in  the  laboratory,  the  warfarin-resistant 
Rattus  norvegicus  and  Mus  musculus  required  2  days  feeding  on  brodifacoum  for  a 
complete  kill  (Redfern  et  al  1976)  whereas  in  natural  population  of  the  same  species, 
100%  kill  could  not  be  achieved  even  after  bait  exposure  for  7  days  and  6  weeks 
respectively  (Rennison  and  Dubock  1978;  Rowe  et  al  1978).  Similarly  all  the 
experimental  M.  hurrianae  and  T.  indica  succumbed  to  brodifacoum  poisoning  in  3 
days  and  to  chlorophacinone  and  coumatetralyl  in  5-7  days  in  the  laboratory  (Mathur 
and  Prakash  1981a,  1982).  The  reduction  in  kill  proportion  in  field  may  be  due  to  low 
intake  of  poison  bait,  a  late  start  in  feeding  or  individual  variation  in  the  availability  of 
alternative  natural  food.  Therefore,  more  field  trials  are  warranted  with  maximum  kill 
in  minimum  effective  feeding  periods. 

The  percent  reduction  by  active  burrow  counts  is  relatively  more  accurate  than 
census  baiting  and  live  trapping  because  in  this  method  the  chances  of  introducing  error 
in  computing  per  cent  reduction  is  very  less  in  comparison  to  the  other  two  methods. 
The  low  per  cent  reduction  estimated  by  census  baiting  may  be  due  to  the  consumption 
of  baits  by  ants  and  non-target  animals  specially  birds  (few  common  babblers  were  also 
found  dead  in  the  study  area).  Secondly,  after  removal  of  predominant  species  (M . 
hurrianae),  the  socially  inferior  rodents  (R.  gleadowi,  T.  indica  and  G.  gleadowi)  get  more 
opportunity  to  feed  on  the  post-treatment  census  bait.  Trapping  also  provided  low  per 
cent  reduction  which  is  apparently  due  to  the  variation  in  the  individual  response  of  the 
animals  towards  Sherman  live  traps. 
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Abstract.  A  uniform  log-normal  pattern  of  frequency  distribution  of  cestodes  and 
nematodes  in  poikilothermic  and  homeothermic  hosts  from  Garhwal  Himalayan  ecosystems 
by  size  and  weight  classes  during  infection  period  indicates  subtle  relationship  to  the  range  of 
variation  in  the  earth's  environment.  The  frequency  of  occurrence  of  the  rodent  cestodes 
followed  a  definite,  ordered,  mathematical  distribution.  This  conclusion  presumably  reflects 
that  a  number  of  random  processes  in  the  host-parasite  interaction  are  superimposed  and  the 
environmental  interplay  has  resulted  in  the  log-normal  distribution  of  parasite  species  in 
Ran  us  rattus  of  high  altitude  in  India. 

Keywords.  Environmental  interplay;  logarithmic  models;  frequency  distribution;  Garhwal 
Himalayan  ecosystems;  evolutionary  play. 


1.    Introduction 

Earlier  studies  on  parasites  of  vertebrate  hosts  were  concerned  with  morphology, 
taxonomy  and  life  histories.  More  recently  interest  in  ecological  parasitology  has 
increased  and  several  publications  have  appeared.  Published  reports  include  Madhavi 
(1980),  Malhotra  (1981)  on  helminths  offish;  Malhotra  (1983)  on  poultry  cestodes;  and 
Singhvi  and  Johnson  (1978),  Seshachalum  (1979),  and  Malhotra  (1982b)  on  helminths 
of  mammals.  This  paper  suggests  conclusive  statistical  inference  of  environmental 
influence  on  parasite  populations  in  the  Garhwal  Himalayan  ecosystems. 


2.    Material  and  methods 

This  investigation  forms  part  of  a  continuous  survey  on  bioecology  of  helminth 
parasites  of  vertebrate  hosts  conducted  in  Garhwal  Himalayan  aquatic  and  terrestrial 
ecosystems  from  May  1979  to  February  1982.  Different  aspects  of  population  dynamics 
of  parasites  in  various  poikilothermic  and  homeothermic  host-parasite  systems  have 
been  published  (Malhotra  1981, 1982b,  1983;  Malhotra  and  Capoor  1982).  Recently  the 
occurrence  and  morphology  of  strobilocerci  of  Hydatigera  balaniceps  (Hall), 
H.  laticollis  (Rudolphi),  and  H.  parva  (Baer)  in  concurrent  liver  infections  have  been 
reported  from  rodent  hosts  in  Garhwal  Himalayas  (Malhotra  et  al  1984).  The  data  used 
was  gathered  from  parasitological  examinations  in  Garhwal  Himalayas  on  403  Labeo 
dyocheilus  (McClell.)  at  325-650  mASL  (mature  worms  of  Bothriocephalus  teleostei, 
Malhotra  1981),  829  Tor  tor  (Ham.)  at  325-650  mASL  (mature  worms  of  B.  teleostei 
and  adult  Rhabdochona  (Rhabdochona)  nemacheli,  Rautela  and  Malhotra  1982),  128 
adult  Hemidactylus  brooki  (Gray)  at  650  mASL  (Oochoristica  pauriensis,  Malhotra  and 
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Capoor  1978),  225  Gallus  gallus  (L)  at  325-400  mASL  (adult  Raillietina  (Raillietina) 
saharanpurensis,  Malhotra  1982c),  417  Rattus  rattus  at  1400-1600  mASL  (larvae  and 
adults  of  Hymenolepis  himalayii,  Malhotra  and  Capoor  (in  press));  H.  hepati\  larvae  of 
Hydatigera  balaniceps;  H.  laticollis;  H.  parva  and  311  Capra  hircus  (L)  at 
325-400  mASL  (adult  worms  ofMoniezia  (Moniezia)  pauriensis,  Malhotra  and  Capoor 
1981).  The  details  of  climatic  oscillations  in  atmospheric  and  river  water  temperature 
and  rainfall  in  the  area  of  study  were  reported  earlier  (Malhotra  1983). 

The  hosts  were  measured,  weighed  and  sexed  before  being  sacrificed.  The  age  offish 
was  determined  by  standard  methods  (Malhotra  1981).  Each  infected  fish  was  assigned 
to  one  of  11  age  classes,  13  standard  length  classes  and  22  weight  classes.  Similarly  each 
infected  lizard  was  assigned  to  one  of  10  body  length  classes  and  7  weight  classes; 
domestic  fowls  to  one  of  9  body  length  and  weight  classes  (Malhotra  1983);  rats  to  one  of 
7  body  length  and  10  weight  classes  (Malhotra,  unpublished)  and  goats  to  one  of  6  size 
classes  (Malhotra  1982b).  Subsequently  the  infested  host  classes  by  individual  parasite 
species  (Y-axis  in  graphs)  were  pooled  separately  in  relation  to  parasite  frequency 
(X-axis  in  graphs)  and  plotted  per  frequency  octave  on  logarithmic  scale  (figures  1-9). 

Cestode  parasites  were  removed  from  the  alimentary  canals  of  their  respective  hosts 
and  allowed  to  relax  in  lukewarm  water;  fixed  in  aqueous  Bouin's  solution;  stained  in 
haemalum;  cleared  in  xylol  and  mounted  in  Canada  balsam  for  identification. 
Nematodes  of  Rhabdochona  (R.)  nemacheli  were  collected  from  the  small  intestines  of 
fish  hosts  T.  tor  and  identified  after  fixation  in  70%  ethanol  or  10%  formalin  and 
clearing  in  lactophenol.  The  number  of  parasites  in  each  host  class  were  counted  and 
infection  patterns  analysed.  Goodness  of  fit  of  the  data  to  a  Poisson  distribution  was 
determined  for  various  cestodes  and  nematodes.  The  results  revealed  significance  up  to 
more  than  95%.  These  results  for  different  cestodes  and  nematodes  have  been 
published  (Malhotra  1982b,  1983).  Hence  the  trends  in  infection  pattern  of  5  larval 
forms  and  5  adult  forms  of  cestodes  and  the  single  nematode  species  were  worked  out 
on  log-scale  by  Preston's  (1948)  method.  The  data  revealed  familiar  Gaussian  hump 
when  plotted  in  octaves.  The  log-normal  distributions  may  be  defined  as  follows: 

tt  =  n0e~(aR)2 

where,  HO  is  the  number  of  species  in  the  modal  octave,  n  the  number  in  an  octave  distant 
R  octaves  from  the  mode,  and  a  an  empirical  constant  calculated  from  the  evidence. 
Raunkiaer's  law  of  frequency  (Colin vaux  1973)  was  applied  to  measure  abundance 
relative  to  sample  size  to  depict  the  common  and  rare  species  in  polyparasitic  infections 
(figure  6),  The  method  involves  division  of  frequency  groups  at  the  impossible 
fractions.  In  this  method  parasitic  species  are  distributed  among  frequency-classes  of  5 
equal  percentage  groups  (figures  7-9). 


3.    Results 

3.1     Log-normal  distributions 

The  normal  distribution  curves  for  cestodes,  B.  teleostei  during  infection  period,  and  by 
fish  size,  age  and  weight  classes  were  plotted  for  L.  dyocheilus  (figure  1).  As 
demonstrated  by  Malhotra  (1982d)  the  logarithmic  models  of  nematode  (R.(R.) 
nemacheli)  distribution  in  T.  tor  have  been  worked  out  from  the  data  on  parasitization 
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Figure  1.  Log-normal  distribution  of  frequency  of  Bothriocephalus  teleostei  in  Labeo 
dyocheilus  during  infection  period  and  by  fish  age,  size  and  weight  classes  during  1979-80  and 
1980-81. 


index  and  these  worms  also  showed  a  distinct  log-normal  distribution  by  fish  weight, 
size,  altitude  and  gut  length  classes.  Similarly  the  distribution  of  parasitization  index 
vis-a-vis  fish  weight  during  the  infection  period  was  log-normal  (Malhotra  1982a).  The 
frequency  distribution  of  Oochoristica  pauriensis  by  lizard  H.  brookfs  size  (figure  3)  and 
weight  classes  (figure  4)  and  during  the  infection  period  (figure  2);  and  of  M.  (M .) 
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Figures  2-4.    Log-normal  distribution  of  infection  frequency  by  Oochoristica  pauriensis  in 
Hemidactylus  brooki  (Gray)  2.  during  infection  period,  3.  by  lizard  size  and  4.  weight  classes. 
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Figure  5.    Log-normal  distribution  of  Moniezia  (Moniezia)  pauriensis  in  Capra  hirctts  L 
during  infection  period  (1979-81)  and  by  goat  size  classes. 

pauriensis  by  season  and  goat  size  classes  (figure  5)  were  log-normal.  Identical  patterns 
of  Gaussian  hump  were  obtained  for  B.  teleostei  infection  in  T.  tor,  R.  (R.) 
saharanpurensis  infection  in  poultry  and  H.  himalayii  infestation  in  rodents. 


3.2     Raunkiaefs  law  of  frequency 

Polyparasitic  infections  by  six  helminths,  adult  worms  of  H.  himalayii  and  H.  hepati, 
and  larval  forms  of  H.  himalayii,  H.  balaniceps,  H.  parva  and  H .  laticollis  infesting 
common  house  rats,  R.  rattus  at  higher  altitude  (1400-1600  mASL)  were  reported 
recently  (Malhotra,  unpublished).  An  analysis  of  patterns  exhibiting  commonness  and 
rarity  of  the  species  revealed  that  H.  himalayii  was  the  most  common  and  H.  hepati  the 
rarest  species  infesting  rodents  of  the  Garhwal  Himalayan  ecosystems  (figure  6).  Back- 
to-front  J  shaped  curves  for  frequency  distribution  of  rodent  cestodes  were  obtained 
on  log  scales  (ordinate)  in  male  (figure  7),  female  (figure  8)  and  pooled  sample  (figure  9) 
of  rats. 
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Figure  6.  Abundance  of  strobilocercus  of  Hydatigera  balaniceps,  H.  laticollis,  H.  parva, 
mature  worms  of  Hymenolepis  hepati  and  H.  himalayii,  and  cysticercoid  larvae  of  H.  himalayii 
in  the  house  rat,  Rattus  rattus  showing  dominance-rarity  relationship  (ordinate  on  logarithmic 
scale). 


4.     Discussion 

4.1     Log -normal  distributions 

Helminth  infestation  patterns  in  the  hill-stream  fish  of  the  Garhwal  Himalayan  riverine 
ecosystems  have  been  published  by  Chauhan  and  Malhotra  (1981).  The  accounts  of 
helminth  distribution  and  abundance  in  reptiles  (Malhotra  and  Ghildiyal  1980),  birds 
(Malhotra  1983}  and  mammalian  hosts  (Malhotra  1982b)  are  dealt  with  separately  by 
the  author  and  coworkers  in  earlier  reports. 

The  present  study  reveals  that  although  infestation  patterns  attained  by  nematode 
and  cestode  parasites  show  diversity  in  different  vertebrate  hosts,  there  was  also 
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Figures  7-9.    Raunkiaer's  frequency  distribution  for  cestode  species  infesting  7.  male 
8.  female  and  9.  total  rats,  Rattus  rattus  in  the  Garhwal  Himalayan  ecosystem. 

similarity  in  the  log-normal  behaviour  of  the  frequency  distribution  of  various 
helminths  in  different  hosts.  Such  distributions  presumably  reflect  random  qualities  in 
the  environment  where  the  parasites  have  evolved  (Feller  1951).  Since  the  environ- 
mental stage  is  made  up  of  different  patches  in  random  array,  which  are  subject  to 
accidents  that  may  also  be  random,  the  parasites  can  endure  environmental  fluctuations 
through  time  well  enough  to  establish  equilibrium  populations  but  their  overall 
abundance  is  set  by  the  fluctuations  of  the  environment  through  space,  i.e.  in  different 
classes  (by  size,  weight  and  sex)  of  host  during  the  infection  period.  This  indicates  that 
the  parasites  respond  by  fluctuating  their  abundances  in  such  a  manner  that  their  overall 
trend  shows  log-normal  distribution.  It  may  also  be  noted  that  the  local  population  of 
each  parasite  in  the  Garhwal  Himalayan  ecosystems  is  constantly  changing  as  it  takes 
advantage  of  temporary  habitats  and  temporarily  escapes  from  biotic  or  abiotic  factors 
(Chauhan  and  Malhotra  1981).  The  fortunes  of  many  parasite  species  in  vertebrate 
hosts  fluctuate  largely  independently  of  each  other.  Hence  at  one  time  relative 
abundance  should  be  the  accumulated  integrals  of  heir  overall  rates  of  increase,  and 
these  accumulated  integrals  should  undergo  "random  walks"  that  lead  to  log-normal 
distributions. 


4.2    Raun/daer's  /aw  of  frequency 

The  frequency  of  occurrence  of  the  rodent  cestodes  followed  a  definite,  ordered, 
mathematical  distribution.  A  plot  of  species  rank  on  logarithmic  scale  (figure  6) 
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Table  1.    Interrelationships  between  helminth  species  groups  observing  Raunkiaer's  law  of 
frequency. 

1979-1980  1980-1981 

Male                                                 (figure  7)         A>  B  =  C  =  D  <  E             A>  B  =  C<D 

Female                                              (figure  8)         A>  B  =  C  <  D  A>  B  =  C  =  D  <  E 

Pooled  sample                                  (figure  9)         ,4  >  B  >  C  <  D  /4  >  B  =  C  <  D 


revealed  a  sharply  descending  curve  suggesting  that  some  general  process  was  ordering 
the  relative  abundance  of  cestode  species  in  both  the  sexes  and  pooled  sample  of  the 
house  rat,  R.  rattus  at  higher  altitude  (1400-1600  mASL). 

Colinvaux  (1973)  reviewed  the  earlier  work  on  relative  abundance  of  plant  and 
animal  species  and  indicated  thereby  that  a  few  common  species  constituted  the  bulk  of 
the  collections  while,  on  the  contrary,  many  other  species  were  caught  or  seen  only  once 
or  twice.  Accordingly,  based  on  the  present  data,  H.  himalayii  was  the  commonest  and 
H.  hepati  the  rarest  species  infesting  rat  population. 

The  back-to-front  J  like  curves  obtained  in  the  present  study  (table  1;  figures  7-9)  on 
parasite  populations  support  Preston's  hypothesis  that  very  many  species  of  plants  and 
animals  in  nature  are  log-normally  distributed.  Similar  trends  were  described  by 
Whittaker  (1965)  on  plants  of  the  Sonoran  Desert. 

5.     Conclusion 

The  present  results  clearly  illustrate  variations  in  the  helminth  infestation  patterns  in 
relation  to  oscillations  in  biotic  and  abiotic  characteristics  of  the  environment  and 
indicate  some  subtle  relationship  of  the  infection  to  the  range  of  variation  in  the  earth's 
environment.  Hence  according  to  the  author,  as  also  emphasized  by  Preston  (1948)  and 
Feller  (195 1)  the  general  explanation  for  the  commonness  and  rarity  of  species  as  well  as 
the  log-normal  distribution  of  frequency  of  helminths  lies  in  the  unpredictability  of  the 
environment  which  would  have  ultimately  influenced  the  evolutionary  play  resulting 
thereby  a  definite,  ordered  mathematical  distribution. 

This  paper  is  part  of  the  D.Sc.  thesis  submitted  by  the  author  to  the  University  of 
Garhwal. 
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Relation  between  food  consumption,  growth  and  egg  production  in  the 
tropical  spider  Cyrtophora  cicatrosa  (Araneidae,  Araneae)  under 
experimental  conditions  of  food  abundance  and  ration 

S  PALANICHAMY 

P  G  and  Research  Department  of  Zoology,  Arulmigu  Palaniandavar  College  of  Arts  and 
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Abstract.  Aspects  of  food  utilisation,  growth  and  egg  production  were  studied  in  Cyrtophora 
cicatrosa  as  a  function  of  food  abundance  and  ration.  Restriction  of  ration  resulted  increased 
mortality,  extension  of  nymphal  period  and  prolongation  of  interoviposition  period.  Rates  of 
feeding  and  conversion  showed  decreasing  trend  with  reduced  ration  levels.  C.  cicatrosa 
exhibited  the  following  aspects  of  egg  production:  (a)  larger  the  egg  sac,  higher  the  number  of 
eggs  present,  (b)  at  optimum  rearing  conditions,  such  as  ad  libitum  ration  at  27°C,  the  female 
produced  large  egg  sacs  and  oviposited  as  many  times  as  possible  (c)  age  definitely  affected  the 
size  of  the  egg  sac,  older  the  female,  smaller  the  egg  sac  produced,  (d)  increased  food 
consumption  resulted  in  high  egg  production  and  (e)  dry  weight  of  the  egg  tends  to  be  more  or 
less  constant. 

Keywords.    Spider;  Cyrtophora  cicatrosa;  food  consumption;  growth;  egg  production;  ration. 


1.    Introduction 

Much  emphasis  has  been  placed  by  ecologists  on  the  role  of  food  availability  in 
controlling  growth  of  animal  species  at  both  organisimic  and  population  levels  of 
organisation  (Hairston  et  al  1960;  Wise  1979).  By  contrast  relatively  little  effort  has 
been  directed  at  providing  a  quantitative  measure  of  the  effects  of  the  availability  of 
food  in  the  environment  on  the  growth  of  secondary  consumer  species  including 
spiders.  Casual  observations,  however,  indicate  the  importance  of  prey  availability. 
Firstly,  there  is  a  great  deal  of  evidence  that  the  distribution  and  abundance  of  spiders  is 
influenced  by  the  prey  availability  (Turnbull  1960;  Kajak  1965;  1967;  Edgar  1969; 
Robinson  and  Robinson  1973;  Kessler  1973;  Wise  1975;  Wingerden  1978;  Riechert  and 
Tracy  1975;  Palanichamy  1980).  Secondly,  as  the  spiders  are  obligate  suctorial 
carnivores,  they  can  play  a  role  in  community  ecology  (Duffey  1978).  Although  some 
investigations  have  been  undertaken  on  food  consumption  of  spiders  (Turnbull  1962; 
Miyashita  1968;  Edgar  1971c;  Workman  1978),  very  few  data  are  available  on  the 
relationship  between  food  consumption  and  growth  and/or  egg  production.  Turnbull 
(1962;  1965)  gave  some  information  for  Linyphia  triangularis  and  Agelenopsis  potteri 
and  Edgar  (1971c)  analysed  in  Pardosa  lugubris.  Kessler  (1971)  evaluated  the 
relationship  between  food  consumption  and  egg  production  in  a  few  Pardosa  species,  A 
comprehensive  study  on  the  effects  of  food  abundance  and  ration  on  utilization 
involving  both  growth  and  egg  production  is  wanting.  The  present  work  reports  the 
effects  of  food  abundance  and  ration  on  growth  and  egg  production  in  the  tropical 
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spider  Cynophora  cicatrosa  Stoliczka.  Such  studies  will  help  to  elucidate  the  concepts 
SaLingto  growth,  reproductive  effort  and  energy  allocation  for  reproduction  rn 


spiders. 


2.    Material  and  methods 

Cvrtophara  cicatrosa,  an  orb  spider  commonly  inhabits  fences  in  the  Palani  Region  of 
India  (10=  23'  N  and  77°C  31'  E).  It  is  dimorphic  with  the  males  being  much  smaller  than 
the  females  (Blanke  1974).  Females  lay  chains  of  beaded  egg  sacs  which  hang  at  the 
central  part  of  the  upper  barrier  web  (Palanichamy  1980).  The  egg  sacs  of  C.  cicatrosa 
were  collected  from  the  field  and  placed  individually  in  transparent  plastic  vials  and 
incubated  until  hatching.  Since  the  first  moult  occurs  within  the  egg  (see  Edgar  19715; 
Valeric  1974),  feeding  experiments  were  commenced  in  freshly  hatched  second  instar 
individuals  and  continued  till  death.  At  the  commencement  of  egg  production,  females 
were  mated  with  the  males. 

The  spiderlings  were  reared  individually  in  transparent  plastic  terraria  (5x4  cm)  and 
sub  adults  and  adults  were  grown  in  larger  terraria  (10  x  7-5  cm).  To  study  the  food 
utilisation,  experimental  individuals  were  fed  ad  libitum  on  freshly  emerged  Culex 
fatigans  cultured  in  the  laboratory  (Palanichamy  1 980)  at  27°C,  60-80  RH  and  1 0  hr/day 
light  cycle.  Mean  food  intake  in  each  instar/inter  oviposition  at  27°C  was  taken  as 
!00°0  ration  (ad  libitum)  and  from  this  60,  30  and  15  %  ration  levels  were  fixed. 

The  experimental  animal  was  fed  daily  during  the  afternoon.  A  mosquito  was  sucked 
into  an  aspirator  and  gently  blown  into  the  previously  weighed  plastic  tube.  The  tube 
containing  the  mosquito  was  weighed  and  gently  tilted  into  the  terrarium  with  the 
spider  through  an  aperture  on  the  lid  of  the  terrarium. 

Cynophora  cicairosa  did  not  construct  their  characteristic  orb  webs  when  main- 
tained in  the  terraria;  they  produced  small  irregular  webs  that  permitted  them  to  hang 
upside  down.  Despite  change  in  web  pattern,  their  feeding  behaviour  was  normal.  This 
quantity  of  web  was  considered  negligible  and  hence  this  was  not  separately  estimated 
and  accounted  along  with  unfed  remains  (Palanichamy  1980).  But  the  quantity  of  silk 
for  egg  sac  construction  was  considered  in  the  present  analysis.  The  spider,  exuvia, 
•eggs,  silk  used  to  construct  egg  sac,  food  and  uneaten  food  were  weighed  in  a  single  pan 
(Mechaniki  model)  to  an  accuracy  of  lOjug.  Calorific  contents  of  the  above 
materials  were  also  determined  in  a  semi-micro  bomb  calorimeter  (Parr  instrument 
Cc.,).  Water  content  was  estimated  by  weighing  the  test  materials  before  and  after 
dr\ing  at  90"C  to  weight  constancy  (Palanichamy  and  Pandian  1983). 

In  this  study,  an  intermoult  or  an  interoviposition  period  (duration  between 
successive  oviposition)  is  considered  as  an  unit  of  time  for  measurement  of  energetics 
parameters  (Palanichamy  and  Baranikumar  1984).  C.  cicatrosa  passes  through  9  instars 
and  oviposits  5-20  times.  Therefore,  it  was  difficult  to  sacrifice  test  individuals  for 
analysis  following  every  moult  or  oviposition.  Moreover,  hundred  spiderlings 
are  required  to  be  sacrificed  for  a  single  analysis.  In  view  of  these  difficulties  live  weight 
of  the  respective  individuals  were  converted  into  calorific  values  using  the  data  reported 
in  1.  For  instance,  the  coefficient  variation  for  calorific  values  ranged  between  2-9 
and  6-6%  for  the  tested  materials.  This  observation  is  supported  by  Anderson  (1978), 
who  found  that  the  intraspecific  variations  in  the  energy  content  did  not  exceed  4  7  for 
adults  and  10%  for  eggs  of  selected  spider  species. 
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Table  1.    Water  and  calorific  contents  of  C.  cicatrosa  reared  in  the  laboratory,  its 
exuvia  (mean  of  all  stages)  eggs  and  prey  organism  (Culex  fatigans). 


Water 

Calorific  value 

Coefficient  of 

content 

(gcal/g  dry 

variation 

Material 

(%) 

weight) 

(%) 

1.  C.  cicatrosa 

Spiderling 

74-1 

5460  ±230 

4-2 

Adult  ?£ 

71-9 

5925  ±179 

3-0 

Exuvia 

— 

4765  ±162 

3-4 

Silk 

— 

4805  ±31  5 

6-6 

Eggs 

67-9 

6440  ±193 

3-0 

2.  Culex  fatigans 

684 

5684  ±167 

2-9 

Each  value  represents  the  mean  (X  ±SD)  of  a  minimum  of  6  estimations. 


The  scheme  of  energy  balance  followed  in  the  present  work  is  the  modified  form  of 
the  original  IBP  formula  (Petrusewicz  and  MacFadyen  1970),  usually  represented  as 
C  =  P  +  R  +  F  +  U,  where  C  is  the  food  energy  consumed,  P  the  growth,  R  the  energy  lost 
as  heat  due  to  metabolism,  F  the  faeces  and  the  U  the  urine.  In  spiders  the  quantity  of 
energy  lost  through  faeces  (F)  and  urine  (U)  is  negligible  (Edgar  1971c;  Celerier  1971; 
Workman  1978;  Palanichamy  1980)  and  hence,  the  IBP  formula  is  modified  as  C  =  P 
+  R.  Quantitative  estimations  of  C  were  made  in  terms  of  gcal.  In  the  absence  of  F  and 
(7,  the  quantity  of  assimilated  energy  was  considered  equivalent  to  C;  P  was  estimated 
by  subtracting  the  initial  energy  content  of  the  individual  at  the  commencement  of  each 
instar  from  the  final  energy  content  of  the  same  individual  after  moulting  to  the  next 
instar.  Rates  of  feeding  and  conversion  were  calculated  relating  the  amounts  (gcal)  of 
food  energy  consumed  and  converted  to  per  unit  live  weight  (g)  of  the  spider  per  unit 
time  (day).  Metabolic  rate  (gcal/g/day)  was  calculated  by  subtracting  conversion  rate 
(Pr)  from  feeding  rate  (Cr).  As  mentioned  above,  the  spiders  suck  the  externally  digested 
food  and  the  unfed  food  is  equivalent  to  food  not  eaten  and  faeces  of  other  animals.  The 
amount  of  food  ingested  in  relation  to  food  killed  is  considered  as  energy  extraction 
efficiency  (Palanichamy  1980;  Palanichamy  and  Baranikumar  1984).  C,  fatigans  which 
died  by  natural  causes  within  the  terraria  were  avoided. 

The  egg  sacs  of  C.  cicatrosa  were  removed  as  produced  for  analysis.  Number  and 
weight  of  the  eggs  were  recorded  as  well  as  water  and  energy  contents  of  the  eggs  were 
estimated. 

3.    Results 

3.1     Food  consumption  and  growth 

Effects  of  ration  on  mortality  of  different  life  stages  of  C.  cicatrosa  is  given  in  table  2. 
Irrespective  of  ration  levels,  mortality  was  heavy  in  the  nymphs  of  the  second  instar  and 
it  was  due  to  the  failure  of  the  incumbent  to  capture  prey.  It  is  also  found  that  mortality 
increased  with  diminishing  ration. 

External  identification  of  sex  in  C.  cicatrosa  was  possible  from  the  seventh  instar 
onwards  in  females  and  adulthood  onwards  in  males;  hence  growth  was  estimated 
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Table  2.    Effect  of  ration  on  mortality  (%)  of  different  life  stages  of 

C.  cicatrosa  at  27  ±1°C. 

————————— 

Ration  (%) 


Life  stage  100  60  30  15 


II 

' 

47 

50 

38 

38 

III 

•fo 

50 

58 

60 

58 

IV 

53 

63 

68 

65 

V 

Q* 

58 

63 

70 

75 

VI 

c* 

73 

80 

85 

80 

VII 

o 

73 

80 

85 

83 

VIII 

0 

78 

80 

85 

88 

IX 

$ 

78 

80 

85 

90 

Adult 

$ 

80 

81 

85 

90 

C? 

73 

76 

72 

80 

Adult  80%  of  the  extra  VII  instar  males  receiving   15%   ration 
succumbed. 


separately  in  these  individuals  after  they  successfully  completed  six  moults.  All  these 
tested  individuals  contained  0-21  gcal,  when  recruited  for  experiments;  the  pattern  of 
growth  of  C.  cicatrosa  as  a  function  of  age  in  groups  receiving  ad  libitum,  60,  30  and 
15%  ration  is  shown  in  figure  1.  In  general  adult  females  and  males  failed  to  exhibit 
significant  growth  and  indeed,  especially,  the  females  lost  energy.  In  any  ration  group, 
the  life  span  of  a  male  was  shorter  than  that  of  a  female.  The  lowest  ration  group 
showed  the  longest  life  span  (table  3).  Thus  the  nymphal  duration  was  inversely  related 
to  ration  level.  Conversely  the  adult  duration  which  was  144  days  in  the  ad  libitum 
group  decreased  to  120  days  in  the  group  feeding  15%  ration. 

Males  receiving  ad  libitum,  60  or  30%  of  ration  passed  through  6  instars,  whereas 
those  fed  at  the  lowest  ration  (15%)  became  adults  only  after  passing  through  the 
seventh.  On  the  other  hand,  the  female  C.  cicatrosa  became  an  adult  only  on  the 
completion  of  the  ninth  instar  at  all  the  tested  rations  (table  4).  Restriction  of  ration 
extended  the  instar  duration  and  the  increase  was  the  longest  in  individuals  receiving 
the  lowest  ration. 

Food  consumption  of  C  cicatrosa  decreased  with  restricted  ration  (table  4).  In  the 
lowest  ration,  it  consumed  19  gcal  as  it  could  extend  its  nymphal  duration  by  adding  an 
extra  instar  as  well  as  extension  of  each  instar  duration;  clearly,  C.  cicatrosa 
compensates  the  diminished  ration  by  prolonging  the  nymphal  duration;  the  extent  of 
compensation  and  life  stage,  at  which  it  was  effected  varied  in  different  ration  groups; 
for  instance,  the  group  receiving  15%  ration  compensated  better  than  that  receiving 
30%  ration;  females  of  the  former  groups  compensated  during  the  sixth  and  seventh 
instars  also,  whereas  the  latter  group  during  fourth  instar  only.  Adult  females  receiving 
lower  rations  extended  the  interoviposition  periods  so  as  to  consume  sufficient  food  to 
accumulate  reserve  energy;  e.g.  during  the  period  between  the  first  and  second 
opposition,  a  female  receiving  100%  ration  consumed  34 gcal  in  5-3  days;  the 
corresponding  values  were  38  g  cal  in  9-3  days  and  54  g  cal  in  20  days  for  those  receiving 
60  and  30%  ration,  respectively  (table  5). 
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Figure  1.  Growth  pattern  of  C.  cicatrosa  as  a  function  of  age  receiving  100  (ad  libitum),  60, 30 
or  15  %  ration  at  27°G  Roman  numerals  adjacent  to  the  lines  represent  the  instar  number  and 
the  arabic  numerals,  the  opposition  frequency. 

either  sex  the  energy  extraction  efficiency  of  C.  cicatrosa  steadily  increased  with 
ishing  rations;  it  was  highest  (93%  in  female  and  91  %  in  male)  in  the  group 
Ing  the  lowest  ration  (table  3).  The  spiders  receiving  lower  rations  consumed  more 
vhat  they  were  expected  to  consume.  For  example,  female  C.  cicatrosa  nymphs  fed 
'turn,  consumed  prey  equivalent  to  168  gcal  (table  4),  Considering  the  ration  level, 
lividual  receiving  30%  ration  is  expected  to  consume  51  gcal,  but  the  actual 
mption  was  75  g  cal;  at  the  lowest  ration,  consumption  was  44  g  cal  instead  of  the 
ted  value  of  26 gcal.  Similarly,  other  groups  also  increased  consumption  by 
oing  energy  extracting  efficiency.  As  in  nymphs  adults  receiving  lower  rations  also 
craed  more  than  what  they  were  expected  to  consume  (table  5). 
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Table  3.    Bioenergetics  of  spider  C.  cicatrosa  fed  on  different  rations  of  Culex  fatigans  at 

27  ±1°C. 


Ration  (%) 

100 

60 

30 

15 

Parameter 

$ 

<J 

? 

<J 

$ 

$ 

$ 

cJ 

Life  span  (day) 

231 

83 

243 

96 

274 

119 

279 

137 

Food  consumed  (gcal/spider) 

1014 

68 

606 

48 

376 

28 

190 

25 

Energy  extraction 

efficiency  (%) 

75 

70 

70 

78 

83 

73 

93 

91 

Food  converted  (gcal/spider) 

225 

9 

111 

7 

72 

3 

22 

6 

Metabolised  (gcal/spider) 

789 

59 

495 

41 

304 

25 

168 

18 

Conversion  efficiency 

«i)  (%) 

22 

13 

18 

14 

19 

11 

12 

24 

Feeding  rate  (gcal/g  spider/day) 

290 

407 

255 

335 

193 

292 

89 

127 

Conversion  rate 

(gcal/g  spider/day) 

82 

50 

60 

36 

43 

19 

39 

19 

Each  value  represents  the  average  of  minimum  4-9  individuals. 

Food  energy  converted  into  body  substance  by  C.  cicatrosa  receiving  diminished 
rations  followed  a  pattern  similar  to  that  obtained  for  the  consumption-ration 
relationship  (table  3).  Female  C.  cicatrosa  converted  more  energy  during  the  latter  half 
of  the  nymphal  period  (table  4).  Food  energy  converted  by  a  female  during 
interoviposition  period  was  also  similar  to  that  obtained  from  consumption-ration 
relationship. 

C.  cicatrosa  females  receiving  100,  60  or  30%  ration  oviposited  20,  9  or  7  times;  a 
female  ad  libitum  drew  1 1  times  the  reserve  energy  from  its  body  immediately  following 
oviposition;  the  groups  receiving  60  and  30%  ration  also  drew  respectively  7  and  4 
times  the  reserve  energy  for  the  purpose  of  oviposition  (figure  2).  Thus  overdrawing  the 
reserve  energy  for  the  purpose  of  oviposition  appears  to  be  a  common  function  in 
C.  cicatrosa  receiving  different  rations.  Adult  males  at  different  rations  failed  to  show  any 
conversion.  Feeding  and  conversion  rates  of  C.  cicatrosa  showed  decreasing  trend  with 
diminishing  rations.  At  all  rations,  females  showed  higher  conversion  efficiency  during 
the  last  few  instars  than  during  the  initial  instars.  The  efficiency  of  food  conversion 
among  males  and  females  of  different  groups  was  ration  dependent  (table  3). 


3.2    Relation  between  food  consumption  and  egg  production 

Females  of  C.  cicatrosa  belonging  to  all  the  ration  groups  produced  egg  sacs;  at  15  % 
ration,  however,  one  out  of  10  individuals  produced  a  single  egg  sac  (table  5). 

Interoviposition  period  was  a  ration-dependent  function.  As  the  female  became 
older,  the  interoviposition  period  extended  (figure  3).  In  the  ad  libitum  group,  the 
average  interoviposition  period  was  7*2  days;  however,  the  required  period  for  the 
oviposition  of  the  second  sac  was  just  5-3  days  as  against  12  days  for  the  20th  sac  (table 
5).  Similar  extension  of  interoviposition  period  in  older  spiders  was  also  observed  in 
other  groups  feeding  restricted  rations.  Ration  levels  regulate  not  only  the  frequency  of 
oviposition,  but  also  the  number  of  egg  sacs  produced. 
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Table  4.    Food  utilization  of  C.  cicatrosa  fed  on  different  rations  ( 1 00  (ad  libitum)  60, 30  and 
15%)  on  Culex  fatigans  at  27  ±1°C. 


Instar 
no. 

n 

Duration 
(day) 

C 

(gcal) 

P 

(gcal) 

R 

(gcal) 

Ad  libitum 

II    $3 

21 

12  ±2-4 

1-0+0-34 

0-4  ±0-11 

0-6 

HI    $3 

20 

12  ±3-0 

1-8  ±0-34 

0-7  ±0-22 

1-1 

IV    ?J 

19 

11  ±3-2 

2-8  ±0-63 

0-8  ±0-11 

2-0 

V    ?c? 

17 

10  ±2-9 

7-0  ±2-10 

1-8  ±0-55 

5-2 

VI    $><$ 

11 

10  ±2-6 

17-6  ±2-50 

5-0  ±2-  13 

12-6 

VII    ? 

11 

10  ±3-7 

30-2  ±3-11 

9-4  ±2-51 

20-8 

VIII    $ 

9 

10  ±3-8 

46-9  ±6-72 

15-0  ±3-33 

31-9 

IX    $ 

9 

10  ±3-5 

61-0  ±7-56 

14-8  ±3-57 

46-2 

Total  nymph  $ 

87  ±25-1 

168-3  ±23-3 

47-9+12-53 

1204 

Total  nymph  J 

55  ±14-1 

30-2  ±5-9 

8-7  ±3-1 

21-5 

Total  adult  $ 

28  ±3-5 

37-8  ±4-2 

— 

37-8 

60% 

Ration 

II    ?<? 

20 

14  ±2-6 

0-9  ±0-28 

0-3  ±0-11 

0-6 

Ill    $J 

17 

15  ±3-1 

1-5  ±0-28 

0-5  ±0-16 

1-0 

IV    $tf 

15 

16  ±2-7 

2-4  ±0-51 

0-6  ±0-1  6 

1-8 

V    $4 

15 

15  ±2-8 

6-1  ±0-68 

1-1  ±0-27 

5-0 

VI    $<J 

8 

16  ±3-7 

13-6  ±1-76 

4-1  ±1-26 

9-5 

VII    $ 

8 

14  ±2-9 

18-5  ±5-17 

5-0  ±1-04 

13-5 

VIII    $ 

8 

15  ±3-4 

29-4  ±10-00 

12-0  ±2-78 

174 

IX    $ 

8 

15  ±4-1 

43-3  ±6-88 

10-8  ±3-66 

32-5 

Total  nymph  $ 

120  ±25-3 

11  5-7  ±25-56 

34.4  +9.44 

81-3 

Total  nymph  <£ 

76  ±14-9 

24-5  ±3-5 

6-6  ±2-0 

17-9 

Total  adult  <$ 

22  ±4-2 

23-0  ±3-0 

— 

23-0 

30% 

Ration 

II    ?<J 

25 

17  ±3-3 

0-8  ±0-11 

0-1  ±0-10 

0-7 

HI    $tf 

16 

20  ±3-1 

1-0  ±0-17 

0-4  ±0-10 

0-6 

IV    ?<J 

13 

20  ±2-9 

1-5  ±0-23 

0-5  ±0-14 

1-0 

V    ?<} 

12 

18  ±2-5 

3-9  ±0-34 

0-7  ±0-14 

3-2 

vi  ?<j 

6 

17  ±34 

8-4  ±0-80 

1-5  ±0-24 

6-9 

VII    $ 

6 

16  ±2-9 

15-0  ±0-97 

4-2  ±043 

10-8 

VIII    $ 

6 

17  ±3-1 

17-7  ±1-76 

6-6  ±0-67 

11-1 

IX    ? 

6 

19  ±2-8 

26-8  ±2-96 

8-9  ±1-00 

17-9 

Total  nymph  $ 

144  ±24-0 

75-1  ±7-34 

22-9  ±2-82 

52-2 

Total  nymph  <J 

92  ±15-2 

16-0  ±1-7 

3-2  ±0-7 

12-5 

Total  adult  £ 

27  ±4-3 

12-5  ±0-72 

— 

12-5 

15% 

Ration 

II     W 

25 

20  ±7-3 

0-8  ±0-11 

0-2  ±0-11 

0-6 

III    $<j 

17 

20  ±4-2 

0-9  ±0-11 

04  ±0-11 

0-5 

IV    $<? 

14 

19  ±3-7 

1-7  ±0-17 

0-5  ±0-06 

1-2 

V    $6* 

10 

20  ±4-6 

2-7  ±0-34 

0-7  ±0-11 

2-0 

VI    $c? 

8 

21  ±9-1 

5-0  ±0-34 

1-8  ±0-22 

3-2 

VII    $<J 

7 

20  ±5-1 

8-3  ±0-63 

3-0  ±0-27 

5-3 

VIII    9 

5 

19  ±4-6 

9-7  ±0-51 

3-0  ±0-33 

6-7 

IX    $ 

4 

20  ±7-5 

14-4.  ±0-97 

6-1  ±0-44 

8-3 

Total  nymph  $ 

159  ±46-1 

43-5  ±3-18 

15-7  ±1-65 

27-8 

Total  nymph  $ 

120  ±34-0 

19-4  ±1-13 

6-6  ±0-87 

12-3 

Total  adult  3 

17  ±6-4 

5-6  ±0-25 

— 

5-6 

For  adult  $,  see  table  5. 
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Table  5.    Relation  between  food  consumption  and  egg  production  in  C.  cicatrosa  fed  on 
different  rations  of  Culex  fatigans  at  27°  ±  1°C. 


Egg 
sac 
no. 

Interovipo- 
sition  period 
(day) 

C 

(gcal) 

P 
(gcal) 

Mean 
Egg 
no. 

Egg 
(gcal) 

Ad  libitum 

1 

8-5 

49-7  ±8-87 

4-7  ±1-37 

24-8 

9-14  +  1-42 

2 

5-3 

33-8  ±5-41 

12-3  ±  1-27 

25-2 

9-11  ±1-22 

3 

5-5 

31-6  ±9-38 

8-0  +  1-57 

27-5 

10-11  ±1-29 

4 

5-3 

32-3  ±9-04 

10-0  ±2-43 

30-7 

10-37  ±1-47 

5 

4-7 

30-3  ±6-03 

13-3  ±1-26 

31-0 

10-43+0-97 

6 

4-0 

27.94-4-09 

12-7  ±2-25 

34-8 

12-01  ±  1-89 

7 

5-2 

30-0  ±7-22 

13-3  ±1-58 

27-0 

9-40  ±  1-29 

8 

6-3 

33-3  ±4-84 

8-4  +  1-77 

30-5 

11  -03  ±3-48 

9 

6-8 

36-7  ±9-18 

7-8  ±1-00 

29-5 

10-27  +  0-71 

10 

6-7 

35-5  ±7-81 

11-2±M1 

26-5 

7-66  ±0-77 

11 

8-8 

47-1  ±9-36 

9-9  ±2-25 

24-3 

8-18  ±1-87 

12 

8-0 

44-1  ±5-60 

12-4  ±2-88 

23-8 

8-37  +  0-71 

13 

9-0 

48-8  ±7-13 

8-7  ±1-05 

22-0 

7-  73  ±0-71 

14 

8-5 

43-1  ±5-84 

6-5  ±2-67 

23-5 

8-40  ±2-38 

15 

8-5 

40-5  ±5-22 

7-7  ±1-14 

16-5 

5-54  ±1-08 

16 

9-5 

55-7  ±5-00 

2-6  ±1-03 

13-5 

4-12  +  0-38 

17 

4-0 

39-2  ±8-08 

10-2  ±1-65 

15-0 

5-20  ±0-33 

18* 

6-6 

62-3 

4-7 

13-0 

3-93 

19* 

10-3 

55-3 

8-4 

11-0 

4-96 

20* 

12-0 

68-4 

4-3 

12-00 

4-38 

Total 

143-5 

845-6  ±18-1 

177-1  ±28-28 

462-1 

160-34  ±21-97 

Mean/sac 

7-2 

42-3 

8-9 

23-1 

8-0 

60% 

Ration 

1 

8-0 

36-4  ±8-01 

12-1  ±2-68 

33-8 

11-4  ±2-2 

2 

9-3 

37-7  ±7-00 

8-9  ±  1-09 

24-5 

8-1  ±0-8 

3 

9-2 

32-6  ±7-22 

7-0  ±2-57 

24-5 

6-6  ±3-9 

4 

9-8 

37-4  ±8-13 

10-6  ±2-58 

25-5 

7-0  ±4-1 

5 

16-2 

64-0  +  9-22 

7-9  ±  1-74 

24-8 

8-6  ±1-6 

6 

16-3 

67-1  ±15-18 

6-4  ±1-34 

18-0 

5-8  ±1-2 

7 

18-3 

74-6  ±17-77 

6-5  ±2-39 

20-3 

6-3  ±2-2 

8 

17-5 

66-8  ±15-69 

9-2  ±1-66 

22-6 

7-4  ±1-4 

9 

18-8 

73-8  ±12-06 

7-9  ±2-01 

20-8 

6-6  ±1-8 

Total 
Mean/sac 

123-4 

13-7 

490-4  ±100-28 
54-5 

76-5  ±  18-06 
8-5 

214-8 
23-8 

67-8  ±19-2 
7-5 

30% 

Ration 

1 

32-8 

44-2  ±11-03 

10-0  ±1-80 

22-7 

7-4  ±1-7 

2 

20-0 

53-7  ±13-37 

12-3  ±3-64 

20-8 

6-1  ±3-4 

3 

13-5 

25-2  ±8-07 

1*4  ±0-23 

20-5 

6-4  ±3-7 

4 

16-8 

55-3  ±18-53 

7-5  ±2-19 

19-0 

5-8  ±1-9 

5 

21-0 

54-9  ±19-17 

4-0  ±0-55 

14-0 

5-7  ±0-5 

6 

17-3 

43-1  ±11-28 

5-1  ±0-89 

16-0 

5-4  ±0-5 

7 

9-0 

24-7  ±7-50 

8-4  ±1-30 

10-0 

3-3  ±1-2 

Total 
Mean/sac 

130-4 
18-6 

301-1  ±88-95 
43-0 

48-7  ±10-6 
7-0 

123-0 
17-6 

40-1  ±  12-9 
5-73 

15% 

Ration 

1 

121-0 

146-7  ±23-02 

6-1  ±  1-2 

18-0* 

5-5 

"One  value;  each  value  (X  ±  so)  represents  the  average  performance  of  4-9  adults. 
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Figure  2.  Food  conversion  into  body  substance,  eggs  and  silk  by  C.  cicatrosa  fed  at  different 
rations  (note:  energy  allocated  for  silk  production  is  more  or  less  equal,  while  that  apportioned 
between  egg  production  and  growth  continuously  fluctuated).  Roman  numerals  represent  the 
oviposition  number. 


Weight  of  an  egg  sac  is  affected  by  ration  as  well  as  the  age  of  the  female.  It  attained 
the  largest  size  (e.g.  6th  sac  7-5  mg)  in  the  sacs  oviposited  during  the  mid  adult  period 
and  subsequently  decreased  to  as  small  as  0-9  mg  in  an  older  female  receiving  ad  libitum 
ration  (table  6).  Weight  changes  in  the  egg  sacs  hold  a  positive  relation  with  the  number 
of  eggs  present  in  them  (figure  4). 

In  females  fed  on  higher  ration,  an  average  egg  sac  of  C.  cicatrosa  contained  24  eggs; 
those  oviposited  by  groups  receiving  lower  rations  contained  only  18  eggs/sac.  Sacs 
oviposited  during  mid  adult  stages  contained  more  eggs  than  those  laid  at  earlier  or 
later  stages  (figure  3).  Total  number  of  eggs  laid  by  a  female  receiving  100, 60, 30  or  1 5  % 
ration  was  ration-dependent  and  changes  in  ration  decisively  affected  egg  production 
(table  5). 

Calorific  content  of  C.  cicatrosa  eggs  was  fairly  high  (6440gcal/g  dry  weight)  (see 
table  1)  suggesting  that  energy  rich  lipid  may  serve  as  metabolic  fuel  during 
development  (Palanichamy  and  Pandian  1983).  Diminishing  ration  fails  to  significantly 
change  the  calorific  content  of  eggs  either  on  unit  basis  or  in  terms  of  single  egg.  The 
difference  between  the  eggs  produced  by  C.  cicatrosa  in  different  ration  groups  are 
not  statistically  significant  (100  vs  60%  :£  =  1-82;  0-1  <-P  <  0*5;  30  vs  15%: t  =  2*01; 
0-1  <  P  <  0-5)  and  food  rationing  did  not  alter  the  energy  content  of  an  egg.  Variations 
were  noted  in  the  calorific  content  of  eggs  in  different  egg  sacs  and  they  were  mainly  due 
to  the  number  of  eggs  present  (table  5).  In  C.  cicatrosa  fed  ad  libitum,  water  content  of 
eggs  was  71  %  in  the  eggs  of  the  5th  sac;  it  progressively  decreased  to  38  %  in  the  eggs  of 
the  20th  sac.  In  the  60  %  ration  group,  eggs  in  all  the  sacs  contained  over  60  %  of  water, 
whereas  over  50  %  of  the  sacs  receiving  lower  ration  (30  %)  contained  less  than  60  % 
water.  Therefore,  both  ration  and  age  affect  the  water  content  of  the  eggs  and 
hatchability  (table  6)  (see  Palanichamy  and  Pandian  1983). 
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Figure  3.  Egg  production  in  C.  cicatrosa  as  a  function  of  age  (since  maturity)  receiving  ad 
libitum  (100),  60, 30  or  15  %  at  27°  C  Numbers  represent  the  respective  oviposition  frequencies, 
At  15  %  ration  one  out  of  10  individuals  laid  an  egg  sac  which  is  not  shown  in  the  figure  (see 
table  6). 


The  spider  uses  silk  to  construct  webs  for  trapping  prey  and  also  to  cover  the  eggs  in 
the  sac.  The  amount  of  silk  produced  by  C.  cicatrosa  receiving  different  rations  was 
about  3  to  4%  of  the  respective  total  food  consumption  (table  6). 


4.    Discussion 

Food  availability  is  a  factor  determining  the  growth  of  a  species.  C.  cicatrosa  exhibited 
characteristic  patterns  of  growth  under  conditions  of  food  abundance  and  restricted 
rations.  When  food  supply  is  restricted,  the  spider  fed  ration  dependent  quantity.  As  a 
result  the  instar  length  increases  until  sufficient  food  energy  lias  been  accumulated. 
Turnbull  (1962)  also  observed  such  an  altered  pattern  of  growth  in  the  spider  Linyphia 
triangularis;  moreover,  C.  cicatrosa  added  an  extra  instar  in  the  male  at  the  lowest  ration 
(15  %).  Similar  increase  of  an  instar  was  noted  in  LycosaT.  insignata  (Miyashita  1968).  It 
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Figure  4.    Relation  between  egg  sac  weight  and  egg  number  in  C.  dcatrosa  as  a  function  of 
food  abundance  and  ration. 

appears  that  C.  dcatrosa  does  not  grow  during  the  adult  period  but  spends  a  quantum 
of  ration-dependent  energy  leaving  a  larger  or  a  smaller  fraction  for  egg  production. 
Turnbull  (1962)  showed  that  mature  female  Linyphia  triangularis  (Linyphiidae)  on 
captivity  used  all  the  food  they  consumed  for  maintenance  and  egg  production  rather 
than  for  growth.  Savory  (1928)  reported  that  a  high  food  intake  can  increase  the 
reproductive  potential  of  spiders;  yet,  this  opportunistic  predators  can  withstand  long 
periods  without  food. 
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Table  6.    Egg  production  in  C.  cicatrosa  fed  on  different  rations  (100,  60,  30  and  15  %)  of 
Culex  fatigans  at  27  ±  1°C. 


Oviposition 
number 

Egg  sac  weight 
fag) 

Mean  weight 
of  an  egg 

(Mg) 

Water  content 
ofeggs(%) 

Silk  used 
for  egg  sac 
construction 
(gcal) 

Ad  libitum 

1 

4-4+1-7 

163 

65 

1-6  +  0-38 

2 

5-1  ±0-4 

185 

66 

1-8  ±0-05 

3 

5-1  ±1-0 

170 

68 

1-8  ±0-14 

4 

6-1  ±1-4 

185 

69 

2-0  ±0-24 

5 

5-8  ±0-7 

173 

71 

2-0  ±0-29 

6 

7-5  ±0-9 

190 

68 

2-0  ±0-58 

7 

5-4+1-0 

187 

68 

1-5  ±0-29 

8 

6-0+1-7 

182 

59 

1-8  ±0-29 

9 

5-8  ±0-5 

181 

66 

1-9  ±0-29 

10 

4-1  ±1-0 

138 

69 

1-6  ±0-34 

11 

4-1  +  1-5 

154 

70 

1-7  ±0-38 

12 

3-8  +  1-5 

143 

66 

1-5  ±0-43 

13 

4-1  +  0-4 

170 

63 

1-6  ±0-34 

14 

3-8  +  1-5 

142 

53 

1-7  ±0-29 

15 

2-3  +  0-8 

121 

57 

1-5  ±0-63 

16 

2-0  +  0-5 

122 

63 

1-1  ±0-19 

17 

2-1+0-2 

121 

68 

1-1  ±0-43 

18* 

0-9 

136 

45 

1-1 

19* 

1-5 

55 

37 

1-4 

20* 

1-4 

53 

38 

1-2 

Total 

81-3  ±16-7 

32-0  ±5-58 

Mean/Sac 

4-1 

149 

60%  Ration 

1 

5-5  ±0-6 

152 

67 

1-9  ±0-48 

2 

4-3  ±0-6 

162 

68 

1-6  ±0-29 

3 

3-5  ±1-1 

125 

67 

1-6  ±0-67 

4 

3-2  ±1-3 

114 

67 

1-5  ±0-48 

5 

4-4  ±1-0 

164 

67 

1-4  ±0-10 

6 

3-2  +  0-3 

163 

66 

0-9  ±0-14 

7 

3-8  ±0-6 

172 

67 

1-4  ±0-19 

8 

4-0  ±0-5 

165 

64 

1-5  ±0-24 

9 

3-9  ±0-7 

173 

61 

1-4±0-14 

Total 

35-8  ±6-7 

13-2  ±2-73 

Mean/sac 

4-0 

154 

1-4 

30%  Ration 

1 

2-9  ±0-5 

115 

53 

1-4  ±0-10 

2 

2-9  ±1-4 

126 

63 

1-6  ±0-24 

3 

3-0+1-3 

135 

65 

1-4  ±0-53 

4 

2-9  ±0-9 

141 

66 

1-4  ±0-29 

5 

2-4  ±0-9 

109 

51 

1-4  ±0-05 

6 

2-9  +  0-6 

159 

56 

1-4  ±0-20 

7 

1-2  ±0-2 

105 

57 

14  ±0-10 

Total 

18-2  ±5-8 

10-0  ±1-51 

Mean/Sac 

2-6 

127 

14 

15  %  Ration 

1* 

2-5 

107 

57 

1-8 

*One  value;  each  value  represents  the  average  (X  ±  so)  performance  of  minimum  4-9  individuals. 
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Feeding  is  a  potent  factor  governing  the  growth  of  an  animal  The  observed  extension 
of  the  instar  and  duration  in  C.  cicatrosa  female  offered  scope  to  consume  the  required 
extra  food  so  that  the  giant  size  could  be  achieved.  This  is  confirmed  from  the  trends 
observed  between  feeding  rate  (gcal/g  spider/day)  which  ranged  between  90  and  290  in 
females  and  1 30  and  410  for  the  males.  However,  at  a  feeding  rate  of  200  g  cal/g/day,  the 
female  achieved  the  largest  final  body  weight  (25  mg)  while  the  male  only  4mg. 
Conceivably,  it  is  the  prolongation  of  the  nymphal  duration  rather  than  the  increased 
feeding  rate  that  contributes  to  the  giant  size  of  the  female.  A  second  factor,  which  has 
contributed  to  the  size  of  the  female  is  the  higher  food  conversion;  the  efficiency  of  the 
females  was  in  the  range  of  22  %,  as  against  13  %  in  the  males. 

Although  a  few  authors  have  reported  the  quantities  of  prey  killed  and  consumed  by 
the  spider  (e.g.  Edgar  1971c),  almost  no  one  has  measured  the  difference  between  the 
prey  consumed  and  food  not  eaten.  When  prey  availability  is  restricted,  a  spider  is  likely 
to  extract  as  much  energy  as  possible.  Therefore,  the  energy  extraction  efficiency  of  C. 
cicatrosa  significantly  increased  from  72%  in  those  fed  ad  libitum  to  93%  in  groups 
receiving  15  %  ration.  At  these  corresponding  rations,  lycosids  like  Parodsa  birmanica 
increased  the  efficiency  from  71  to  85%  and  P.  leucopalpis  from  61  to  86%  (Prakash 
1979).  Kessler  (1971)  too  observed  that  female  spiders  held  under  conditions  of  food 
shortage  extracted  slightly  more  food  from  the  offered  prey.  Enhancing  the  energy 
extraction  efficiency  appears  to  be  a  common  strategy  adapted  by  the  spiders  exposed  to 
restricted  food  supply. 

It  was  mentioned  in  §2  that  the  energy  lost  as  faeces  and  nitrogenous  excretory  matter 
was  considered  as  negligible  which  requires  some  justification.  C.  cicatrosa  egests  at 
times  drops  of  fluid  which  contains  both  faeces  and  excretory  matter  chiefly  guanine 
(Anderson  1966).  Attempts  were  made  to  estimate  the  quantity  of  material  egested  by 
placing  a  previously  weighed  filter  papers  at  the  bottom  of  the  terraria.  Reweighing 
these  papers  with  the  absorbed  waste  materials  after  several  weeks  provided  insignifi- 
cant difference  in  weight  considering  the  magnitude  of  total  consumption  and  suggests 
that  only  a  small  amount  of  faeces  and  excretory  matter  are  produced  in  C.  cicatrosa. 
Thus  all  the  food  consumed  is  considered  as  assimilated  i.e.  100  %  assimilation  efficiency 
(Celerier  1971;  Edgar  1971c;  Workman  1978;  Prakash  1979;  Palanichamy  1980, 
Palanichamy  and  Baranikumar  1984).  In  C.  cicatrosa  as  in  other  spiders,  semi-digested 
broth  is  sucked  into  the  gut  and  it  seems  reasonable  to  conclude  that  most  of  the 
ingested  food  is  capable  of  being  absorbed.  However,  some  authors  (Moulder  and 
Reichle  1972;  Steigen  1975)  consider  that  the  efficiency  of  spiders  is  slightly  lower. 

The  number  of  egg  sacs  produced  by  spiders  is  highly  variable.  As  evidenced  in  this 
work,  C.  cicatrosa  produces  several  egg  sacs  during  its  life  time,  the  number  more 
commonly  reported  is  4  to  18  from  field  observations  and  the  laboratory  record  is  23 
sacs  (Palanichamy  1980),  but  ration  levels  also  determine  the  number  of  sacs  produced. 
Tetragnatha  montana  markedly  reduces  the  number  of  cocoons  under  experimental 
food  deficiency  (Tarwid  1976).  The  average  number  of  egg  sacs  produced  by  Achaeranea 
tepidariorum  is  14;  however,  a  female  can  produce  a  maximum  of  20  sacs  (Valerio  1976), 
Eberhard  (1979)  has  observed  that  the  Bolas  spider  Mastophora  dizzdeani  produces  up 
to  11  sacs.  On  the  contrary,  wolf  spiders  like  Pardosa  lugubris  produces  only  2  sacs 
(Edgar  1971b;  Kessler  1973).  It  is  common  that  the  tropical  araneid  spiders  produce 
many  sacs  (Eberhard  1979). 

Another  factor  to  be  considered  is  the  number  of  eggs/sac  in  relation  to  the  age  of  the 
female  parent.  When  many  sacs  are  produced,  the  number  of  eggs  is  small  in  the  later 
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ones  as  observed  in  C.  cicatrosa  (see  table  5).  A  female  Nuctenea  cornuta  which 
produced  10  sacs,  deposits  decreasing  number  of  eggs  (Gertsch  1979).  In  several  spiders, 
it  has  been  noted  that  in  captivity  the  number  of  eggs  in  successive  clutches  gradually 
decreases  (Mikulska  and  Jacunski  1968;  Kessler  1973;  Peck  and  Whitcomb  1974; 
Valerio  1976).  In  such  instances,  some  or  all  the  eggs  of  the  later  sacs  may  be  infertile 
owing  to  the  exhaustion  of  sperms  stored  in  spermathecae  and  perhaps  to  its  gradual 
loss  of  viability  (Palanichamy  and  Pandian  1983). 

Interoviposition  period  is  undoubtedly  affected  by  the  amount  of  food  ingested  by 
the  spiders  as  evidenced  in  the  case  of  C.  cicatrosa\  lesser  the  rations,  longer  will  be  the 
time.  Similar  extension  in  egg  ripening  period  was  recorded  in  Pardosa  species  with  food 
shortage  (Kessler  1971).  Although  the  oviposition  frequency  was  surprisingly  regular  in 
the  nine  females  of  Achaeranea  tepidariorum  and  no  statistical  differences  in  interval 
lengths  could  be  detected,  there  is  a  trend  for  the  interval  between  sacs  to  get  longer  as 
the  female  gets  older  (Valerio  1976).  C.  cicatrosa  fed  ad  libitum  behaved  similarly  and  no 
statistically  significant  (t  =  1-95;  P  <  0-5;  to  (5%)  =  2-11)  difference  between  inter- 
oviposition  periods  is  noted. 

A  positive  correlation  between  egg  sac  weight  and  number  of  eggs  present  in  it  is 
observed  for  C.  cicatrosa  (figure  4).  It  produces  large  sacs  at  optimum  rearing 
conditions;  yet  older  individual  produces  smaller  egg  sacs.  Valerio  (1976)  has  also  noted 
such  a  relationship  between  the  sacs  of  A.  tepidariorum.  Weight  of  egg  sacs  of  the 
temperate  wolf  spider  Pardosa  lugubris  is  20-28  mg  (Edgar  197 la).  Kessler  (1971)  found 
that  the  average  weight  of  the  egg  sac  is  20-7  mg  in  four  species  of  Pardosa.  Compared  to 
the  above,  the  egg  sacs  of  C.  cicatrosa  are  the  lightest  (mean  4mg;  range  1-5-7-5  mg).  The 
weight  of  an  egg  sac  is  definitely  influenced  by  chance  variables  like  female  weight, 
nutritional  state,  genetic  background  and  age  of  the  spiders  as  evidenced  in  C.  cicatrosa. 

Turnbull  (1962)  states  that  Linyphia  triangularis  produces  the  same  number  of  eggs 
both  under  conditions  of  shortage  as  well  as  surplus  food  condition.  The  weight  of  eggs 
under  these  conditions  are  different:  more  food  results  in  heavier  eggs.  Kessler  (1971) 
found  that  the  weight  of  eggs  in  four  Pardosa  sp.  also  diminishes  under  conditions  of 
food  shortages.  On  the  contrary  the  individual  egg  (dry)  weight  of  C.  cicatrosa  is  not 
altered  by  diminishing  rations,  but  in  C.  cicatrosa  there  is  reduction  of  egg  number. 
Studies  on  other  spiders  have  also  demonstrated  small  variations  in  egg  weights  (Kessler 
1973;  Wise  1975);  but  Agelenopsis  aperta  responded  to  high  feeding  schedules  by 
increasing  egg  size  (Riechert  and  Tracy  1975). 

Figure  5  shows  the  number  of  eggs  produced  by  C.  cicatrosa  exposed  to  different 
rations  as  a  function  of  food  consumption  during  adulthood.  A  statistically  significant 
positive  correlation  (r  =  0*998;  n  —  4;  3;  =  0-63x  —  76-3)  between  these  two  parameters 
is  obtained  indicating  that  increased  food  consumption  results  in  higher  egg  produc- 
tion. This  conclusion  is  also  supported  by  field  observations  (Palanichamy  1980). 
Increased  egg  production  under  conditions  of  food  abundance  in  natural  and 
experimental  field  population  was  studied  by  Kessler  (1971,  1973),  Wingerden  (1978) 
and  Wise  (1979).  Yet  Kessler  (1971)  observed  two  different  conditions  on  food 
shortages  in  the  species  of  Pardosa:  under  conditions  of  small  food  shortage,  all  species 
adapt  their  egg  production.  However,  P.  amentata  and  P.  monticola  react  immediately 
by  adapting  the  number  of  eggs,  whereas  P.  lugubris  and  P.  palustris  produce  the  same 
number  of  eggs  as  with  maximum  food  supply;  C.  cicatrosa  adapts  an  altered  tactics  of 
the  latter. 
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Figure  5.    Effect  of  ration  on  food  consumption  and  egg  production  in  C.  cicatrosa. 
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Aquatic  and  aerial  respiration  of  an  intertidal  tropical  gastropod 
Morula  granulata  (Duclos)  in  relation  to  temperature 
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Abstract.  The  rates  of  aquatic  and  aerial  oxygen  consumption  of  an  intertidal  tropical 
gastropod  Morula  granulata  increases  with  increasing  temperature.  The  temperature  at  which 
the  breakdown  occurred  in  their  oxygen  consumption  was  observed  to  be  different,  45°C  for 
aquatic  and  42°C  for  aerial  respiration.  However,  the  aquatic  rates  of  oxygen  consumption 
were  higher  than  the  aerial  rates  at  all  temperatures  studied.  The  aquatic  and  aerial  Q10  values 
showed  almost  the  same  trend,  higher  at  lower  temperatures  and  vice  versa.  The  results  were 
discussed  in  relation  to  the  habitat  of  the  animal. 

Keywords.    Aerial  respiration;  aquatic  respiration;  tropical  gastropod;  Morula  granulata. 


1.    Introduction 

It  is  well  established  that  many  intertidal  molluscs  are  capable  of  utilising  atmospheric 
oxygen  and  the  ability  has  generally  been  considered  to  be  predominantly  high  in  high 
tide  level  molluscs  (Newell  1979).  Comparison  of  a  number  of  species  of  molluscs 
indicates  that  the  ability  to  utilise  atmospheric  oxygen  is  very  much  related  to  their 
position  in  the  intertidal  zone(Micallef  1967).  In  general,  high  level  bivalves  (Widdows 
et  al  1979;  Griffiths  and  Buffenstein  1981)  and  a  variety  of  gastropods  (Sandison  1966; 
McMahon  and  Russell-Hunter  1977;  Prabhakara  Rao  and  Prasada  Rao  1983)  are  able 
to  meet  much  of  their  metabolic  energy  demands  by  aerial  oxygen  consumption  during 
intertidal  exposure. 

A  perusal  of  the  literature  shows  that  most  of  the  work  has  been  carried  out  only  on 
temperate  species  except  the  works  of  Houlihan  (1979)  on  three  mangrove  snails  and 
Prabhakara  Rao  and  Prasada  Rao  (1983)  on  two  tropical  gastropods  Cerithidea 
cingulata  and  Cerithium  coralium.  The  purpose  of  the  present  investigation  is  to  study 
the  temperature  related  aquatic  and  aerial  oxygen  consumption  of  an  intertidal  tropical 
gastropod  Morula  granulata  inhabiting  mid  tide  level.  As  such  these  animals  are 
exposed  to  air  during  low  tide.  Since  exposure  may  be  a  convenient  means  of  reducing 
metabolism,  the  effect  of  temperature  change  on  the  aerial  and  aquatic  oxygen 
consumption  was  studied. 


2.    Materials  and  methods 

Animals  of  about  the  same  size  (wet  weight  of  the  animal  without  shell  ranges  from 
85-109  mg)  collected  from  Palm  beach  of  Visakhapatnam,  were  kept  in  the  laboratory 
at  25±05°C  in  aerated  running  sea  water  (Whatman  42  filtered  (320^))  for  24  hr. 
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Preliminary  experiments  showed  that  oxygen  consumption  was  fairly  steady  up  to 
24  hr,  therefore,  all  the  experiments  were  planned  within  this  period. 

The  aquatic  oxygen  consumption  was  determined  as  described  earlier  (Prabhakara 
Rao  and  Prasada  Rao  1983).  The  aerial  oxygen  consumption  was  estimated  by  using 
Warburg's  Respirometer  (Prabhakara  Rao  and  Prasada  Rao  1983).  Both  the  aquatic 
and  aerial  oxygen  consumptions  were  measured  at  15,  20, 25,  30,  35  and  40°C  but  the 
highest  temperatures  i.e.,  45°C  for  aquatic  and  42°C  for  aerial  were  fixed  depending  on 
the  breakdown  in  each  medium.  At  each  temperature,  40  different  animals  were  used 
and  they  were  allowed  to  acclimatize  for  30  min.  Thus  the  effect  is  acute.  After  the 
experiment,  the  soft  parts  of  the  animal  were  removed  from  the  shell  and  the  wet  weight 
was  considered  for  calculations.  The  average  body  weight  and  the  average  hourly 
oxygen  consumption  were  presented  in  the  data.  The  M-T  curves  were  presented  using 
semilog  graphs.  g10  values  were  calculated  using  the  formula  Q10  =  /c1//c2(1°Ai-^) 
(Prosser  and  Brown  1965). 

3.    Results 


A  semilog  graph  of  the  average  rates  of  aquatic  and  aerial  oxygen  uptake  of  Morula 
granulata  is  shown  in  figure  1.  It  is  clear  from  the  M-T  curves  that  there  was  a  peak  in  its 
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Figure  1.  Semilog  plot  showing  the  comparison  of  aquatic  (x)  and  aerial  (•)  oxygen 
consumption  of  M.  granulata  at  different  temperatures  (vertical  bars  represent  standard 
deviation). 
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Table  1.    Aquatic  to  aerial  ratio  of  oxygen  consumption  in  Morula 
granulata  at  different  temperatures. 

Temperature 

(°C)  Aquatic:  Aerial  respiration 


15 

2-08 

20 

13-25 

25 

6-86 

30 

6-81 

35 

8-36 

40 

5-14 

Table  2.    Comparison  of  Q10  values  of  aerial  and  aquatic  respiration 
rates  in  Morula  granulata  at  different  temperatures. 


Range  of  temperature 
(°Q 

Q10  values 

Aerial 

Aquatic 

.  15-25 

3-26 

10-69 

20-30 

3-03 

1-55 

25-35 

H8 

1-44 

30-40 

1-97 

1-49 

15-20 

1-25 

7-10 

20-25 

8-46 

1-50 

25-30 

1-08 

1-03 

30-35 

1-29 

1-40 

35-40 

3-02 

1-07 

aquatic  and  aerial  rates  of  oxygen  consumption  at  40°C  beyond  which  there  was  a 
metabolic  breakdown  at  45°C  for  aquatic  and  at  42°C  for  aerial  medium.  It  is  also  seen 
that  the  aquatic  and  aerial  rates  were  found  to  be  low  below  the  ambient  temperatures 
i.e.,  at  15  and  20°C.  In  M.  granulata  aquatic  rates  of  oxygen  consumption  are 
significantly  higher  (P  <  0-001)  than  aerial  rates  at  all  temperatures  studied. 

The  aerial :  aquatic  oxygen  consumption  ratios  of  M.  granulata  at  different 
temperatures  are  given  in  table  1.  It  is  clear  from  the  table  that  at  all  temperatures  the 
aquatic  consumption  was  approximately  2-14  times  higher  than  the  aerial  rates. 

Table  2  represents  the  temperature  coefficient  values  (Q10  values)  of  aerial  and 
aquatic  respiration  of  M.  granulata.  It  is  evident  from  the  table  that  the  aerial  and 
aquatic  Q10  values  show  more  or  less  the  same  trend,  higher  at  lower  ranges  of  jj 

temperatures  and  vice  versa.  \ 

I 

4.    Discussion 

It  is  evident  from  the  results  that  both  aquatic  and  aerial  oxygen  consumption  of 
M.  granulata  are  temperature-dependent.  But  'critical  temperature  liiflits'  are  different 
for  both  the  consumptions  which  may  be  due  to  relative  preference  of  M.  granulata 
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towards  aquatic  conditions.  In  the  habitat,  M.  granulata  experiences  more  aquatic 
conditions  than  aerial.  Similar  differences  were  observed  by  McMahon  and  Russell- 
Hunter  (1977)  for  Acmaea  testudinalis  and  Littorina  saxatilis  which  have  critical 
temperatures  of  25°C  in  air  and  30°C  in  water. 

Though  M.  granulata  exhibited  an  increase  in  the  aerial  and  aquatic  respiration  with 
increase  of  temperature  up  to  40°C,  the  rate  of  increase  is  not  the  same  throughout  the 
range  of  temperatures  (figure  1).  However,  there  is  a  thermal  range  (25-40°C)  over 
which  the  effect  of  temperature  is  very  little  indicating  some  of  the  'homeostatic 
mechanisms'  probably  in  operation  as  has  been  suggested  by  Bullock  (1960)  in  most  of 
the  poikilo thermic  animals.  A  comparison  of  the  M-T  curves  (figure  1)  shows  that  this 
'homeostatic  range'  is  the  same  for  both  aquatic  and  aerial  respiration. 

It  is  clear  from  the  comparison  of  the  M-T  curves  (figure  1)  that  the  displacement  is 
similar  towards  higher  temperatures  in  both  aerial  and  aquatic  respiration  showing  its 
tropical  habitat  (Scholander  et  al  1953).  However,  the  displacement  of  the  curve  is 
slightly  towards  the  higher  temperatures  in  aquatic  than  in  aerial  respiration  indicating 
its  less  adaptation  to  aerial  temperatures  because  of  mid  tide  distribution  in  the 
intertidal  zone. 

Houlihan  and  Innes  (1982)  made  a  generalisation  that  mid  and  high  shore 
gastropods  (50-90%  aerial  exposure)  have  aquatic  to  aerial  ratios  of  &  1.  But 
according  to  Branch  (1979),  this  generalisation  is  not  always  valid.  M.  granulata  of  the 
present  study,  though  a  mid  shore  animal  occurs  in  rock  crevices  and  percentage  aerial 
exposure  is  very  low  (35  %)  (Fretter  and  Graham  1962).  This  might  be  one  of  the 
reasons  for  its  low  aquatic  to  aerial  ratios.  Similar  trends  of  low  aerial  rates  were 
demonstrated  by  Sandison  (1966)  for  mid  and  high  shore  gastropods  and  McMahon 
and  Russell-Hunter  (1977)  for  high  shore  species.  This  elucidates  that  M .  granulata  is 
mostly  adapted  to  aquatic  environment. 

g10  values  of  M.  granulata  for  aerial  respiration  are  higher  than  for  aquatic 
respiration  exceptat  the  low  temperature  range  15-25°C  (table  2).  This  might  be  due  to 
adaptation  of  M.  granulata  more  to  the  aquatic  habitat  which  is  possible  by  this  mid 
level  distribution  in  the  intertidal  zone.  However,  similar  high  Q10  values  for  aerial 
oxygen  consumption  have  been  reported  in  the  mangrove  snails  Nerita  articulata, 
Cerithidea  obtusa,  Cassidula  auresfelis  (Houlihan  1979)  and  in  Cerithidea  cingulata  and 
Cerithium  coralium  (Prabhakara  Rao  and  Prasada  Rao  1983).  Low  Q10  values  observed 
at  25-35°C,  represent  the  habitat  range  of  temperature  and  this  is  of  adaptive  value  to 
the  animal  as  has  been  stated  by  Scholander  et  al  (1953). 
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Abstract.  The  origin  and  course  of  hypothalamic  neurosecretory  tracts  is  demonstrated  by 
in  situ  staining  procedure.  Both  Pars  parvocellularis  and  Pars  magnocellularis,  components  of 
nucleus  preopticus,  contribute  to  the  formation  of  the  right  and  left  main  neurosecretory  tract. 
Anteriorly  the  tract  is  loosely  assembled  and  formed  of  3  subsidiary  tracts  which  later  join  at 
the  level  of  horizontal  commissure  to  form  a  thick  consolidated  single  tract.  From  the  main 
tract  several  bundles  of  axons  are  given  towards  the  mid-ventral  region  at  the  point  of 
curvature  to  form  ventromedian  tracts.  The  ventromedian-and  the  main  tract  of  each  side 
jointly  enter  the  pituitary,  anterio-dorsally. 

Keywords.    Hypothalamus;  neurosecretion;  nucleus  preopticus;  nucleus  lateralis  tuberis. 


1.  Introduction 

The  pioneering  work  of  Bargmann  (1949)  employing  Gomori's  chrome-alum- 
haematoxylin-phloxin  (CAHP)  stain  for  demonstrating  neurosecretory  substance  re- 
vealed the  real  nature  of  hypothalarno-neurohypophysial  (HN)  system.  Since  then  a 
large  number  of  studies  using  this  technique  have  been  conducted  on  several  teleosts, 
(Sathyanesan  1965, 1969;  Leatherland  and  Dodd  1969;  Vishwanathan  and  Sundararaj 
1975). 

Several  new  staining  procedures  to  demonstrate  neurosecretory  material  were 
employed  by  Adams  and  Sloper  (1956),  which  have  been  used  for  studies  on  fishes  by 
Fridberg  and  Samuelsson  (1959).  Electron  microscopy  and  flourescence  techniques 
were  also  employed  to  study  the  system.  All  these  techniques  were  for  staining  the  tissue 
sections  and  the  HN  complex  was  interpreted  through  the  reconstruction  of  these 
sections. 

The  introduction  of  in  situ  technique  by  Braak  (1962);  has  further  facilitated  neuro- 
endocrinological  studies,  in  so  far  as  it  gives  the  whole  picture  of  HN  complex  in  toto 
within  the  brain.  However  the  technique  has  been  applied  to  relatively  few  species  of 
teleosts  by  Sathyanesan  (1969),  Leatherland  and  Dodd  (1969),  Haider  and  Sathyanesan 
(1971)  and  Jasinsk.et  al  (1974).  Similar  studies  on  the  fishes  present  in  Kashmir  has  been 
undertaken  so  as  to  understand  the  hypothalamic  structural  pattern. 

2.  Material  and  methods 

Live  specimens  of  S.  niger  (140-170  g  weight  and  200-250  mm  length)  representing 
both  sexes  were  collected  from  Dal  lake  near  the  campus  and  brought  to  the  laboratory, 
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wherein  they  were  conditioned  for  a  week  in  large  aquaria  prior  to  decapitation.  The 
following  fixatives  and  stains  were  used: 

(i)  Bourn's  fluid  (18  hr).  Oxidised  in  performic  acid  and  stained  in  Gabe's  aldehyde 

fuchsin  (AF). 
(ii)  10  %  formaldehyde  solution  (24  hr).  Oxidized  with  performic  acid  and  stained  by 

victoria  blue-4R. 

Freehand  sections  (100-400  fi)  of  the  whole  preparation  were  made  through  Sagittal 
and  frontal  planes  to  study  the  distributional  pattern.  Few  brains  were  processed  for 
optical  microscopy  to  assess  the  bulk  staining  technique. 


3.    Observations 

The  gross  morphology  and  also  the  course  of  fibres  arising  from  preoptic  nuclei 
(nucleus  preopticus,  NPO)  is  clearly  demonstrated  by  this  technique.  The  NPO  of  S.  niger 
lies  on  either  side  of  the  third  ventricle  as  two  elongated  bands  anterior  and  dorsal  to 
the  base  of  the  optic  chiasma  and  can  be  viewed  ventrally  on  removal  of  the  latter 
(figure  1). 

In  a  sagittal  view  along  the  longitudinal  axis  of  the  hypothalamus,  NPO  is  seen  as  an 
inverted  "L"  (figure  2),  whose  ventromedian  limb  is  large,  6-8  cell  thick  constituted  by 
small  and  feebly  stained  pars  parvocellularis  (PPC).  The  short  horizontal  limb  is  formed 
by  pars  magnocellularis  (PMC)  having  large  neurons  with  well  developed  axons  and 
deeply  stained  cells.  It  is  3-5  cell  thick  anteriorly  but  only  1-2  cell  thick  posteriorly, 
ending  in  a  tapering  manner,  in  both  male  and  female  fishes. 

The  axons  arising  from  NPO  join  together  and  form  neurosecretory  tracts.  The 
number  and  origin  of  these  tracts  at  the  initial  portion  of  NPO  is  very  obscure  (figures  1 
and  2),  because  of  the  diffuse  nature  of  axons.  Subsequent  approximation  of  dispersed 
axons  form  3  separate  axonal  bundles  or  hypothalamic  tracts  (HT)  (figures  1  and  3).  In 
tissue  sections  cells  of  both  PPC  and  PMC  contribute  in  the  formation  of  these  tracts 
(figure  4).  Axons  from  PMC  travel  through  the  PPC  component  and  during  the  course,  the 
fibres  arising  from  latter  also  join  them  and  the  two  together  travel  cauded  in  the 
ventrolateral  direction  as  thick  fibre  bundles  (figures  2  and  4). 

All  these  three  bundles  are  not  of  uniform  thickness.  Each  bundle  is  formed  of  large 
groups  of  fibres  which 'in  case  of  tracts  1  and  2  are  more  approximate  and  give  a 
condensed  look.  These  are  densely  filled  with  neurosecretory  material  giving  a  strong 
reaction  with  neurosecretory  dyes.  Tract  1  appears  to  have  its  origin  from  caudally 
placed  PMC.  Tract  2  from  the  middle  region  of  NPO,  where  both  PPC  and  PMC  cells  are 
present  (figure  3).  Tract  3  which  lies  away  from  the  infundibulum  is  very  diffuse  in 
nature  and  feebly  stained,  showing  that  the  amount  of  material  is  less.  This  tract  is 
assumed  to  originate  from  anteriorly  placed  PPC  (figure  3). 

The  three  tracts  travel  along  the  ventrolateral  part  of  the  hypothalamus  being 
directed  obliquely  downwards  towards  the  floor.  After  traversing  half  the  distance  the 
tracts  aggregate  at  the  level  of  the  horizontal  commissure  to  form  a  single  thick  tract  on 
either  side,  (figures  1  and  4).  The  main  neurosecretory  tract  of  either  side  turn  inwardly 
at  the  point  of  formation  and  follows  a  circuitous  path  along  the  median  floor  of  the 
hypothalamus  before  terminating  in  the  median  region  just  above  the  pituitary  stalk  as 
a  distinct  hypothalamic  tract  (figures  1  and  4). 
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Figures  1-4.  1.  Ventral  view  of  the  entire  hypothalamo  neurohypophysial  complex  (HN)  of 
S.  niger.  in  situ  preparation  showing  the  position  of  NPO  and  the  course  of  neurosecretory  tracts 
within  the  hypothalamus.  Arrow  shows  the  origin  of  VMT.  AF  stained  ( x  40).  2.  Sagittal  view  of 
NPO  of  S.  niger,  showing  L  shape.  Note  the  difference  in  staining  intensity  and  cell  diameter 
between  (PPC)  and  (PMC).  Victoria  blue  4R  stained  ( x  100).  3.  Higher  magnification  of 
figure  1,  showing  the  diffuse  nature  of  neurosecretory  axons  on  the  onset  of  hypothalamic 
tracts  ( x  100).  4.  Cross-section  of  the  entire  hypothalamus  of  S.  niger  showing  NPO.  The 
square  marks  the  union  of  three  hypothalamic  tracts  to  form  the  single  main  neurosecretory 
tract  of  its  side  and  also  the  origin  of  VMT.  A  denotes  condensed  VMT  at  the  base  of  pituitary 
stalk  ( x  40). 
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From  the  main  neurosecretory  tracts  of  either  side  large  bundles  of  fibres  separate 
near  and  after  the  bend  towards  the  ventromedian  portion  of  the  hypothalamus  (figures 
4  and  5).  These  fibre  bundles  ramify  further  through  the  floor  of  the  hypothalamus  and 
constitute  the  ventromedian  tracts  (VMT).  The  VMT  of  each  side  extends  from  the  caudal 
infundibulum  to  the  region  of  pituitary  stalk,  where  it  joins  the  main  tract  of  its  side 
(figures  1  and  5).  The  two  tracts  of  either  side  enter  pituitary  separately,  (figure  6),  in 
both  the  sexes. 

The  other  neurosecretory  nuclei,  nucleus  lateralis  tuberis  (NLT)  present  in  this  fish 
and  the  course  of  individual  axons  coming  from  this  nuclei  could  not  be  visualized  in 
in  situ  preparations,  because  the  number  of  NLT  cells  is  less  and  the  cells  are  arranged  in  a 
dispersed  manner  along  the  ventrolateral  floor  of  the  hypothalamus  as  seen  in  the  tissue 
sections  (figure  7).  But  it  is  assumed  that  the  VMT  of  in  situ  preparations  represent  the 
neurosecretory  tracts  passing  through  the  ventrolateral  component  of  NLT.  Since  in 
histological  sections  neurosecretory  tracts  are  seen  passing  through  VL  component, 
(figure  8). 

Thus  it  is  clear  from  the  observations  that  the  route  of  the  neurosecretory  material 
from  both  the  neurosecretory  centres  to  pituitary  is  mainly  through  neurosecretory 
tracts. 


4.  Discussion 

The  results  of  hypophysectomy  on  Poricthys  notatus  (Sathyanesan  1965);  H.fossilis 
(Vishwanathan  and  Sundararaj  1975)  and  on  many  other  teleosts  have  clearly  revealed 
that  neurosecretory  material  travels  from  the  neurosecretory  cells  to  the  pituitary 
through  neurosecretory  tracts.  The  course  and  distributional  pattern  of  these  tracts 
exhibit  great  variation  in  teleosts.  In  C.  punctatus  (Haider  and  Sathyanesan  1971),  4-6 
or  more  pairs  of  neurosecretory  tracts  travel  from  NPO  to  the  pituitary  and  each  tract 
enters  the  latter  independently.  Haider  and  Sathyanesan  (197 Ib)  found  that  in 
M.  aculeatus  a  pair  of  loosely  set  tracts  travel  from  NPO  to  the  pituitary  and  enter  it  at 
the  level  of  the  proximal  pars  distalis.  In  S.  niger  3  pairs  of  subsidiary  tracts  originate 
from  NPO,  travel  first  ventrolateraliy,  then  unite  after  traversing  half  the  distance  to 
form  a  single  neurosecretory  tract  on  either  side,  which  travel  along  a  circuitous  path 
before  entering  into  the  pituitary.  This  type  of  course  taking  the  longer  route  by 
spreading  apart  laterally  and  then  bending  ventromedially  is  also  reported  in  other 
carps,  L.  rohita;  C.  mrigala;  P.  ticto;  by  Belsare  (1974). 

Leatherland  and  Dodd  (1969)  and  Jasinski  et  al  (1974)  have  shown  a  degree  of 
subdivision  of  origin  and  morphology  of  the  hypothalamic  tracts  in  A.  anguilla  and  in 
many  Cypriniformis  fishes.  Such  an  origin  and  course  of  tracts  is  also  observed  in 

5.  niger,  where  tracts  1  and  3  are  from  pars  magnocellularis  (PMC)  and  pars  parvo- 


Figures  5-8.  5.  Higher  magnification  of  figure  1  (marked  arrow),  shows  the  origin  and 
extension  of  ventromedian  (VM  )  tracts  along  one  side  of  the  hypothalamus  ( x  100).  6.  Sagittal 
view  of  a  part  of  HN  complex  of  S.  niger.  Arrow  marks  the  two  neurosecretory  tracts  of  either 
side  entering  the  pituitary.  AF  stained  ( x  100).  7.  Sagittal  view  of  NLT  of  S.  niger.  Note  the 
scattered  nature  of  both  the  components,  ventrolateral  (VL)  and  (VM)  all  along  the  ventral 
firings  of  the  hypothalamus  ( x  100).  8.  Ventrolateral  cells  marked  as  arrow  of  S.  niger. 
A  depicts  preopticohypophysial  tract  passing  through  the  component  ( x  200). 
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cellularis  (PPC)  respectively.  Tract  2  is  formed  by  axons  from  both  components.  The 
presence  of  distinct  VMT  as  seen  in  S.  niger  is  also  reported  in  other  Cyprinids-L. 
cephalus,  A.  brama  and  P.  phoxinus  by  Jasinski  et  al  (1974);  and  differs  from  the  VMT  or 
extramedian  tracts  of  C.  batrachus  (Sathyanesan  1969)  and  H.fossilis  (Vishwanathan 
and  Sunderaraj  1975)  where  certain  number  of  well  isolated  and  compact  lateral  tracts 
are  given  from  the  main  tract.  Lehri  (1966),  reported  that  presence  of  VMT  or 
extramedian  neurosecretory  tracts  of  catfishes  may  be  a  devise  to  increase  storing  and 
release  capacity.  This  may  hold  good  for  S.  niger  also  where  a  net  work  of  fibres  is 
formed  just  above  the  pituitary  stalk.  Further  in  S.  niger  the  elaborate  pattern  of  VMT 
may  in  addition  represent  the  fibres  of  preopticohypophysial  tract  traversing  through 
the  ventrolateral  component  of  NLT,  which  are  well  observed  histologically. 
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Effects  of  dihydropalmitinium  hydroxide  isolated  from  the  roots  of 
Herberts  chitria  on  intact/spayed/oestradiol  dipropioEate/pregoant 
female  gerbils  (Meriones  hurrianae  Jerdon) 

V  P  DIXIT  and  R  S  GUPTA 

Department  of  Zoology,  University  of  Rajasthan,  Jaipur  302004,  India 

Abstract.  Ethanolic  extract  of  the  defatted  roots  of  B.  chitria  was  chromatographed  when  a 
compbund-I  (C21H25O5N)  characterised  as  dihydropalmitinium  hydroxide  was  isolated. 
Chronic  administration  of  DPH  for  20  days  reduces  the  weights  of  ovary,  uterus  and  vagina  in 
normal  cycling  gerbils.  Atresia  of  the  large  follicles  and  vacuolization  of  follicular  cells  was 
conspicuous.  The  luteal  cells  and  endometrial  glands  were  shrunken.  Vaginal  smear  showed 
prolonged  diestrous  cycle  reflecting  suppression  of  estrogenic  activity.  Simultaneous  adminis- 
tration of  oestradiol  dipropionate  and  DPH  to  spayed  gerbils  failed  to  maintain  the  growth  of 
uterus  and  vagina.  DPH  treatment  to  intact/spayed/pregnant  gerbils  inhibited  protein  synthesis 
and  decreased  the  sialicacid  and  glycogen  contents  of  the  genital  tract.  Serum  protein  was  low 
whereas  serum  sialic  acid,  cholesterol,  phospholipids,  triglycerides  and  NEFA  did  not  change. 
Antioestrogenic  activity  of  the  compound  is  discussed.  Abortifacient  action  of  DPH  is  of  great 
significance  in  fertility  regulation  using  plant  products. 

Keywords.  Dihydropalmitium  hydroxide;  follicular  atresia;  protein  synthesis;  sialic  acid; 
abortifacient. 


1.    Introduction 

Sterilization  has  become  the  single  post  prevalent  method  of  family  planning  on  an 
international  level.  It  is  estimated  that  approximately  80  million  surgical  sterilization 
procedures  had  been  performed  since  the  early  1950s  and  majority  of  these  were  in 
females  (Green  1978). 

Oliver  and  Boyd  (1959)  noted  that  incidence  of  clinical  manifestation  of  coronary 
artery  disease  rises  rapidly  after  surgical  sterilization.  Patients  with  bilateral  ovariec- 
tomy  had  an  excess  of  coronary  atherosclerotia  blockage  and  myocardial  infarction 
(Parrish  et  al  1967).  An  overall  assessment  indicate  that  surgical  sterilization  is  related 
with  high  risk  of  developing  coronary  heart  diseases,  that  is  why  researchers  still 
continue  to  find  out  safe,  effective  and  non-surgical  contraceptive  methods. 

Large  number  of  medicinal  plants  have  been  reported  to  possess  antifertility  activity 
(Kirtikar  and  Basu  1935;  Nadkarni  and  Nadkarni  1954;  Chopra  et  al  1956,  1958). 

Kamboj  and  Dhawan  (1981)  tested  1086  botanically  identified  plant  materials  in 
50%  ethanolic  extract  for  antifertility  testing.  Out  of  this  only  42  exhibited  anti- 
implantation  activity  in  females. 

The  present  investigation  has  been  undertaken  to  study  the  effect  of  dihydropalmi- 
tinium hydroxide  (DPH)  isolated  and  characterised  from  the  roots  of  Berberis  chitria 
with  a  view  to  develop  a  safe  oral  contraceptive  pill  from  plant  source.  Estrogenic/ 
antioestrogenic  nature  of  the  compound  was  evaluated  in  spayed  females  to  pinpoint 
the  mechanism  of  action. 
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2.    Experimental 

Ethanolic  extracts  of  the  defatted  roots  of  B.  chitria  was  concentrated  in  vacua  and  the 
crude  product  was  thoroughly  extracted  with  dil  HC1  (5  %).  The  acid-extract  after 
neutralizing  with  NH^OH  (pH  8-9)  was  extracted  with  CHC13  and  the  extract  was 
concentrated  under  reduced  pressure.  The  concentrated  extract  was  chromatographed 
over  neutral  alumina  column  (solvent  phase  CHC13;  MeOH;  50:50)  extracted  with 
CHC13  when  a  compound  (I,  C2iH25O5N)  was  isolated.  It  was  characterised  as  DPH 
(IR,  HNMR  and  MS  m/e  353  (M-H2O)). 

Table  1.    Spectral  data  of  I 

IR  (cm'1)  1600,  1570,  1500,  1460-70,  1230,  1060,  930  and  830cm'1 

HNMR  3'9  (3H/S)'  3*95  (3H/S)>  41  (3#»  s)>  4'15  PH.S),  3-05-3-6  (8H,  NCH2S/CH2S),  7-05-9-2 

(in  8  ppm)  (4ArH\  9-52  (b.s.  1H  disappeared  on  D2O  addition 

MS  m/es— 353  (M-H2O),  337,  305,  278,  292,  262,  177 


3.    Material  and  methods 

Sixty  cycling  and  10  pregnant  female  gerbils  were  divided  into  groups  often  each  and 

were  treated  as  under: 

Group  I:    Vehicle  treated  females  (Distilled  water  0-5  ml/alt,  day/animal  oral). 

Group  II:    DPH  (12  mg/alt.  day /animal  oral  for  20  days). 

Group  III:    DPH  (12  mg/alt.  day /animal  oral  from  10th  day  of  pregnancy  for  10  days) 

(Presence  of  sperms  in  the  vaginal  smear  was  considered  to  be  day  1  of  pregnancy). 

Group  IV:    Bilaterally  ovariectomised  animals  treated  with  vehicle  alone  (0-5  ml 

Dw/alt.  day/animal  oral  on  day  5  of  ovariectomy  for  20  days). 

Group  V:    Ovariectomised  females  treated  with  DPH  (12  mg/alt.  day/animal  oral  after  5 

days  of  ovariectomy  for  20  days). 

Group  VI:    0-02  mg  oestradiol  dipropionate/alt.  day  s.c./animal  was  given  after  five 

days  of  ovariectomy  for  a  period  of  20  days. 

Group  VII:    DPH:  12mg/ait.  day/animal  oral  -f  0-02  mg  oestradiol  dipropionate/alt. 

day  s.c./animal  for  20  days. 

On  the  last  day  of  treatment  the  animals  were  killed  under  ether  anaesthesia.  Ovary, 
uterus,  vagina  and  adrenal  glands  were  removed  and  weighed.  Right  ovary,  right 
uterine  horn  and  a  piece  of  vagina  were  fixed  in  Bouin's  fluid.  5  /xm  sections  were 
prepared  and  examined  for  histopathological  changes.  Left  ovary,  left  uterine  horn  and 
the  remaining  part  of  vagina,  liver  and  adrenal  glands  were  frozen  for  biochemical 
estimation  of  protein  (Lowry  et  al  1951),  glycogen  (Montogomery  1957),  sialic  acid 
(Warren  1959)  and  cholesterol  (c/Oser  1965). 

Blood  was  taken  directly  from  the  heart  and  serum  analysed  for  lipid  metabolism 
cholesterol  (c/Oser  1965),  triglycerides  (Gottfried  and  Rosenberg  1973),  phospholipids 
(Zilversmit  et  al  1950)  and  non-esterified  fatty  acids  (Soloni  and  Sardina  1973). 

Serum  protein  and  sialic  acid  were  analysed  by  routine  clinical  techniques.  50 
corpora  lutea  at  32  x  and  100  lutein  cells  at  800  x  were  traced  with  camera  lucida  to 
measure  the  diameter.  Student's  t  test  was  applied  in  comparing  means. 
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Figures  I  and  2.  1.  Control  ovary  showing  fully  developed  graafian  follicle  with  ovum 
(HE  x  100).  2.  Section  of  the  Barberis  treated  ovary.  Note  the  degeneration  of  ovum  and 
vacuolization  of  follicle  cells  (HE  x  100). 


4.     Results 

4.1     Body  and  organ  weights  (table  1) 

Non-pregnant  females  treated  with  DPH  showed  significant  (P  <  0-01)  decrease  in  the 
weight  of  ovary,  uterus  and  vagina. 

In  pregnant  females  ovarine  weight  was  significantly  (P  <  0-05)  reduced.  But  the 
weights  of  uterus  and  vagina  remain  unaltered.  Adrenal  glands  were  enlarged. 
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4.2  Histological  observations 

4.2a  Ovary:  DPH  (12mg/alt.  day/animal)  treatment  caused  atresia  of  large  follicles. 
Vacuolization  of  follicle  cells  was  conspicuous.  Corpora  lutea  and  lutein  cell  nuclear 
diameter  were  reduced.  Corpora  lutea:  control,  6-25  ±  0-05  /-on;  treatment,  3-8  ±  0-9  /zm; 
lutein  cell  nuclear  diameter:  control,  5-9  ±  0-04 //m;  treatment,  4-3  ±  0-03  ^m. 

4.2b  Uterus:  Endometrium  was  atrophied  and  the  stromal  glands  regressed. 
Myometrial  atrophy  was  severe  in  spayed  females  treated  with  DPH.  Simultaneous 
treatment  with  estrogen  could  not  prevent  the  damage. 

4.2c  Vagina:  Vagina  of  the  DPH  treated  females,  showed  prolonged  diestrous  cycle. 
Estrogen  induced  keratinization  in  spayed  females  ceased  when  DPH  was  administered 
simultaneously. 

4.3  Biochemical  observations 

4.3a  Protein:  Protein  contents  of  the  ovary,  uterus  and  vagina  were  low  in  DPH 
treated  pregnant  and  non-pregnant  female  gerbils  (Groups  II  and  III).  DPH  treatment 
suppressed  the  oestrogen  induced  protein  synthesis  in  spayed  females  (Group  VII, 
table  2). 

4.3b  Sialic  acid:  Pregnant  and  non-pregnant  females  treated  with  DPH  showed 
reduced  (P  <  0-001)  sialic  acid  contents  in  the  ovary,  uterus  and  vagina  (Groups  II  and 
III).  Further  reduction  was  seen  when  spayed  females  were  treated  with  DPH  (Group  V). 
Simultaneous  administration  of  oestrogen  and  DPH  in  spayed  females  could  not  restore 
sialic  acid  to  normalcy  (Group  VII)  (table  2). 

4.3c  Glycogen:  Glycogen  contents  were  low  in  the  uterus  and  vagina  of  DPH  treated 
pregnant/non-pregnant  and  spayed  females  (table  2). 

4.3d  Cholesterol:  No  significant  change  was  seen  in  adrenal  gland  cholesterol 
(table  2). 

4.3e  Serum  analysis:  DPH  (12  mg/alt.  day/animal)  administration  to  pregnant  gerbils 
bring  about  a  significant  lowering  in  serum  protein,  whereas  no  such  change  was  seen  in 
the  DPH  treated  non  pregnant  females  (table  3).  Serum  sialic  acid,  cholesterol, 
phospholipids,  triglycerides  and  NEFA  did  not  show  a  significant  change  in  all  the 
treated  animal  groups  (table  3). 

5.    Discussion 

DPH  (12  mg/alt.  day/animal)  given  to  female  gerbils  on  the  10th  day  of  pregnancy 
showed  abortifacient  property.  DPH  caused  widespread  degenerative  changes  in  the 
ovary,  uterus  and  vagina.  The  atretic  follicles  and  shrunken  luteal  cells  indicate  the 
suppression  of  pituitary  gonadotropins.  (Dufour  et  al  1979;  Arya  et  al  1979). 

Clark  et  al  (1973)  suggested  that  the  antiestrogenic  activity  of  U-ll,  100  A  was 
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associated  with  its  ability  to  inhibit  uterine  cytoplasmic  receptor  replenishment.  It  is 
possible  that  DPH  could  act  by  a  similar  mechanism. 

Raj  et  al  (1981)  noted  the  drastic  reduction  in  the  levels  of  steroids  and  LH  with 
concomitant  reduction  in  ovarian  weight.  The  reduction  in  hormonal  levels  correlates 
well  with  the  onset  of  persistent  diestrous  smear  in  the  DPH  treated  gerbils.  DPH  may 
suppress  the  luteal  function  as  evidenced  by  the  shrunken  luteal  cells.  Since  these  are  the 
sites  of  progesterone  biosynthesis,  the  present  finding  raises  the  possibility  that  DPH 
may  have  some  potential  as  an  interceptive  agent  even  after  implantation. 

Increase  in  uterine  weight  is  commonly  accepted  as  a  measure  of  the  estrogenicity  of 
the  compound  (Jones  and  Edgren  1973).  In  spayed  gerbils  DPH  inhibited  increase  in 
weight  of  uterus  and  vagina  induced  by  oestrogen,  reflects  the  antioestrogenic 
nature  of  the  compound. 

Simultaneous  administration  of  oestrogen  to  DPH  treated  spayed  gerbils  failed  to 
maintain  the  growth  of  uterus  and  vagina  (Drasher  1952;  Punnonen  and  Rauramo 
1974). 

DPH  treatment  in  intact/pregnant  gerbils  inhibited  protein  synthesis  in  the  genital 
tract  further  reflects  the  anti-oestrogenicity  of  the  compound  (Mohla  and  Prasad  1969). 
Genital  tract  glycogen  is  controlled  by  ovarian  steroids  (Gregoire  et  al  1973).  The 
decrease  in  glycogen  contents  of  uterus  and  vagina  after  DPH  administration  to 
intact/spayed/pregnant  gerbils  possibly  reflects  reduced  synthesis  of  ovarian  steroids 
(Bitman  et  al  1965).  Coppola  and  Ball  (1965)  and  Galleti  and  Gardi  (1973)  reported 
that  the  uterine/vaginal  sialic  acid  concentrations  are  dependent  on  ovarian  hormone. 
In  the  present  study  sialic  acid  contents  were  low  in  all  the  treatment  groups  confirms 
the  antioestrogenic  nature  of  DPH. 

In  conclusion,  DPH  has  all  the  potential  to  be  developed  as  a  fertility  regulating  agent 
due  to  its  anti-estrogenic/abortifacient  action. 
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Four  new  species  of  mesozoan  parasites  (Mesozoa:  Dicyemidae) 
from  cephalopods  of  Bay  of  Bengal 

C  KALAVATI,  C  C  NARASIMHAMURTI  and  T  SUSEELA 

Department  of  Zoology,  Andhra  University,  Waltair  530003,  India 
MS  received  25  February  1984;  revised  21  August  1984 

Abstract.  Four  new  species  of  mesozoans  viz  Dicyema  ganapatii  n.sp.  from  the  renal 
appendages  of  Sepia  elliptica  Hoyle,  Dicyema  madrasensis  n.sp.  and  Dicyema  octopusi  n.sp. 
from  the  renal  appendages  of  Octopus  sp..,  and  Dicyema  nouveli  n.sp.  from  the  renal 
appendages  of  Loligo  duvauceli  d'  Orbigny  are  described.  All  the  hosts  were  collected  from 
different  localities  on  the  east  coast  of  India. 

Keywords.    Mesozoan  parasites;  cephalopods. 


1.    Introduction 

The  mesozoan  parasites  inhabiting  the  renal  appendages  of  cephalopods  in  India  have 
received  scant  attention.  So  far  only  two,  Dicyemennea  coromandelensis  (Kalavati  et  al 
1978)  and  Dodecadicyema  loligoi  (Kalavati  and  Narasimhamurti  1980)  are  reported 
from  the  cephalopods  of  the  east  coast  of  India.  The  present  paper  deals  with  four  new 
species  belonging  to  the  genus  Dicyema  parasitic  in  three  different  genera  of 
cephalopods.  The  total  number  of  mesozoans  reported  from  India  so  far  is  six,  four 
belonging  to  the  genus  Dicyema  (present  paper)  and  the  other  two  one  each  belonging 
to  the  genera  Dodecadicyema  and  Dicyemennea.  The  genus  Dicyema  is  characterised  by 
the  presence  of  two  tiers  of  four  cells  each  oppositely  arranged.  The  anterior  tier  is 
known  as  propolars  and  the  posterior  as  metapolars.  A  check  list  of  all  the  species  of 
Dicyema  described  so  far  is  also  given. 


2.    Material  and  methods 

The  cephalopods  were  obtained  from  the  catches  in  different  places  on  the  east  coast 
extending  from  Kalingapatnam  on  the  north  to  Madras  on  the  south.  The  hosts  after 
collection  are  brought  to  the  laboratory  within  2-3  hr  in  ice  packed  thermos-flasks.  The 
fluid  obtained  by  puncturing  the  renal  appendages  is  examined  for  parasitic  mesozoans. 
When  infected  the  smears  are  air  dried  fixed  in  methyl  alcohol  and  stained  with  Giemsa 
in  the  usual  manner.  Smears  are  also  fixed  in  alcoholic  Bouin's  fluid  and  stained  with 
Heidenhain's  iron  haematoxylin  or  Ehrlich's  acid  haematoxylin.  Some  of  the  smears  are 
fixed  in  Carnoy's  fluid  and  treated  according  to  Feulgen's  technique.  General 
cytochemical  tests  like  PAS,  Best's  carmine,  alcian  blue,  bromophenol  blue  and  sudan 
black  B  are  conducted  to  know  the  nature  of  cell  inclusions.  The  description  of  the 
parasite  is  based  on  atleast  100  forms  taken  at  random.  All  the  diagrams  are  made  with 
the  aid  of  a  camera  lucida. 
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3.    Observations 

3.1     Dicyema  ganapatii  n.sp.  (figures  1-14) 

Site  of  infection:  Renal  appendages 

Host:  Sepia  elliptica  Hoyle 

Locality:  Offshore  fishing  Station,  Visakhapatnam,  India 

Out  of  the  78  specimens  of  Sepia  elliptica  Hoyle  (8-28  cm)  of  both  sexes  examined  28 
of  them  harboured  a  new  species  of  Dicyema. 

Description:  The  peripheral  cell  number  varies  from  28-32,  usual  number  being  31 
(table  1).  They  consist  of  4  propolars,  4  metapolars,  17-20  diapolars  (usual  number 
being  19)  and  two  uropolars. 

3.1a  Nematogens:  The  body  is  uniformly  slender  and  long  (measuring  405-975 
x  25-50/mi).  They  are  uniformly  covered  with  cilia  (figures  1  and  2).  The  calotte  is 
expanded  and  is  orthotropal  in  most  of  the  cases.  A  few  plagiotropal  forms  are  also  seen 
(figures  3  and  4).  It  is  typically  composed  of  8  cells  arranged  in  two  tiers  of  4  each.  The 
propolars  are  elongated  and  are  widest  in  the  middle  and  taper  bluntly  at  both  ends 
(figure  5).  In  the  older  forms  they  contain  a  few  acidophilic  granules.  The  axial  cell 
is  bluntly  rounded  at  the  anterior  end  and  extends  up  to  the  base  of  propolars  and  is 
surrounded  by  the  four  metapolar  cells  (figure  5).  In  a  mature  nematogen  the  nucleus  is 
divided  and  a  number  of  agametoblasts  fill  the  entire  area  of  the  axial  cell.  The  axial  cell 
is  filled  with  refringent  granules.  As  many  as  five  vermiform  embryos  are  seen  in  a  single 
nematogen  (figure  1). 

3.1b  Vermiform  larvae:  The  body  is  thin  and  vermiform  (measuring  150-390 
x  15-22/xm).  The  calotte  is  pointed  and  occupies  1/5  the  length  of  the  body.  The 
anterior  end  of  the  axial  cell  extends  up  to  the  base  of  the  propolars.  There  is  a  single 
axial  cell  and  two  axoblasts,  one  on  either  side  of  the  axial  cell  nucleus  (figure  8).  The 
diapolars  are  paired  and  opposed.  The  axial  cell  is  filled  with  a  number  of  alcian  blue 
positive  granules  which  are  absent  in  other  cells  except  at  the  tip  of  the  calotte. 

3.1c  Rhombogen:  They  are  similar  to  nematogens  but  are  larger  and  measure 
575-1200  x  30-90/mi.  The  somatic  cell  number  in  the  calotte  is  the  same  as  that  in  the 
nematogens.  The  shape  of  the  calotte  is,  however,  different  being  elliptical  and 
sometimes  bilobed  (figure  9).  A  number  of  accessory  nuclei  are  observed  in  the  trunk 
cells.  The  axial  cell  is  slightly  expanded  anteriorly  and  2-3  infusorifonn  larvae  are 
found  at  the  anterior  end  and  3-4  infusorigens  in  the  middle  of  the  body.  There  are  no 
granular  inclusions  in  the  axial  cell  (figure  10).  The  infusorigens  are  smaller  in  size  and 
have  5-9  oogonia  and  2-4  spermatogonia  (figures  11  and  12). 

3. Id  Infusoriform  larvae:  They  are  elliptical  (30-45  x  22-45  /JTU)  and  are  uniformly 
covered  with  cilia,  those  at  the  posterior  end  being  longer  than  those  at  the  anterior  end 
giving  a  spherical  shape  to  the  body  (figure  13).  The  cell  number  varies  from  28-32. 
There  are  four  moderately  sized  solid  refringent  bodies  occurring  in  pairs.  The  urn  cells 
are  four  in  number,  equal  in  size  and  contain  one  generative  nucleus  and  two  somatic 
nuclei.  The  capsule  cells  are  bigger  and  form  a  hood-like  structure  around  the  urn  cells 


Studies  on  mesozoan  parasites 


641 


Figures  1-8. 
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Figures  9-14. 
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Table  1.    Somatic  cell  number  in  Dicyema  ganapatii  n.sp. 


Cell  number 

Vermiform 
larvae 

Nematogens 

Rhombogens 

Total 

28 



3 



3 

29 

6 

2 

2 

10 

30 

22 

12 

8 

42 

31 

42 

64 

32 

138 

32 

— 

2 

1 

3 

Total 

70 

83 

43 

196 

(figure  14)  occupying  an  antero  ventral  position  as  in  D.  maorum  (Short  1971).  The 
nuclei  of  the  capsule  cells  are  pushed  to  a  lateral  position  of  the  urn  cells.  Acidophilic 
granules  are  present  in  these  cells. 

3.1e  Remarks:  Several  species  of  mesozoan  parasites  belonging  to  the  genus 
Dicyema  have  been  reported  from  cephalopods  and  among  them  D.  macrocephalum 
(Van  Beneden  1876)  from  Sepiola  ronaeletti  (somatic  cell  number  30),  D.  schulzianum 
(Van  Beneden  1876)  from  Sepia  biserialis  (somatic  cell  number  22)  and  D.  truncatum 
(Whitman  1883)  from  Sepia  officinalis,  S.  elegans  and  Rossia  macronema  (somatic  cell 
number  22)  are  from  decapod  cephalopods  while  the  others  are  from  octopod 
cephalopods.  In  the  present  form  the  somatic  cell  number  varies  from  28-32,  the  usual 
number  being  31  and  in  this  respect  it  comes  close  to  D.  macrocephalum.  In 
D.  macrocephalum  the  calotte  is  plagiotropic,  the  propolars  are  subequal  and  the 
metapolars  are  unequal  while  in  the  present  form  the  calotte  is  generally  orthotropol 
and  occupies  1/3  the  length  of  the  body  and  the  propolars  are  small  and  oval  while  the 
metapolars  are  expanded  and  large.  The  somatic  cells  in  D.  macrocephalum  are  arranged 
in  six  alternating  rows  of  three  each  interposed  between  the  parapolars  and  the  caudal 
cells  while  in  the  present  form  the  body  cells  are  in  opposed  pairs.  The  parapolars  are 
characteristically  elongated  and  expanded  with  a  number  of  acidophilic  granules.  The 
axial  cell  extends  up  to  the  base  of  the  propolars  and  contain  4-5  vermiform  larvae 
where  as  in  D.  macrocephalum  the  axial  cell  extends  up  to  the  base  of  the  metapolars 
only.  The  nematogens  in  D.  macrocephalum  are  bigger  in  size  (5-7  mm)  than  those  in 
the  present  form  (405-975  x  25-30/on  only).  D.  schulzianum  and  D.  truncatum  have  a 
somatic  cell  number  of  22  with  the  latter  having  a  small,  discoid  calotte  which  covers  the 
broad  truncated  end  and  hence  is  not  comparable  with  the  present  form. 

None  of  the  other  species  of  Dicyema  reported  from  Octopus  sp.  have  a  somatic  cell 
number  comparable  to  the  present  form  and  as  such  the  present  form  is  considered  a 
new  species  and  the  name  Dicyema  ganapatii  n.sp.  is  proposed  in  honour  of  late  Prof. 
P  N  Ganapati. 


Figures  1-14.  Dicyema  ganapatii  n.sp.  1,  2.  Entire  nematogens,  3.  Optical  view  of  the 
calotte,  4  and  5.  Enlarged  views  of  the  calotte-  Note  propolars  in  figure  5,  6,  7  and 
8.  Vermiform  larvae,  9  and  10.  Rhombogens — entire,  11  and  12.  Infusorigens,  13  and 
14.  Infusoriform  larvae. 
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Figures  15-27.  Dicyema  madrasensis  n.sp.  15  and  16.  Nematogens— -entire,  17  and 
18.  Enlarged  view  of  the  calotte,  19-22.  Vermiform  larvae  (21  and  22  are  larvae  within  the 
cell),  23.  Rhombogen— entire,  24  and  25.  Infusorigens,  26  and  27.  Infusoriform  larvae. 
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3.2    Dicyema  madrasensis  n.sp.  (figures  15-27) 

Site  of  infection:  Renal  appendages 

Host:  Octopus  sp. 

Locality:  Royapetah  beach,  Madras. 

Twenty  of  the  30  sexually  mature  specimens  of  Octopus  sp.  collected  in  November 
1981  were  infected  by  a  new  species  of  Dicyema  which  is  described  here. 

Description:  Peripheral  cell  number  varies  from  24-31  containing  4  propolars,  4 
metapolars,  2  or  3  parapolars,  12-18  diapolars  and  2  uropolars. 

3.2a  Nematogens:  The  body  is  long  and  uniformly  slender  (measuring  980-1670 
x  70-90jum)  (figures  15  and  16).  The  calotte  is  broadly  oval  and  measures  24-32 
x  30-40/zm.  The  propolars  and  metapolars  are  almost  equal  in  size  (figure  17).  The 
peripheral  propolars  and  metapolars  are  faintly  stained  when  compared  to  those  in  the 
centre.  The  parapolars  are  triangular  with  a  conspicuously  big  nucleus.  The  axial  cell 
extends  up  to  the  middle  of  the  metapolars  (figure  18).  Numerous  eosinophilic  granules 
and  axoblasts  are  present  in  the  axial  cell.  There  are  4-6  verruciform  cells.  3-4 
vermiform  larvae  are  present  inside  a  single  nematogen. 

3.2b  Vermiform  larvae:  Mature  vermiform  larvae  range  in  size  from  100-128 
x  9-6-1 5-4/im.  They  are  uniformly  thin  with  bluntly  pointed  anterior  and  posterior 
ends.  There  are  three  axial  cell  nuclei  with  numerous  axoblasts.  The  somatic  cells  are 
spirally  arranged  in  whorls  of  three  (figures  19  and  20).  The  body  is  covered  with  cilia  but 
the  calotte  cilia  are  much  shorter  than  those  present  on  the  body.  They  measure  30-65 
x  15-20  at  eclosion  and  typically  contain  three  axial  cell  nuclei  (figures  21  and  22). 

3.2c  Rhombogens:  They  are  long  and  slender  and  sometimes  longer  than  the 
nematogens  and  measure  1280-2400  x  80-120jum.  The  axial  cell  is  filled  with  a  large 
number  of  infusorigens  which  show  as  many  as  14-18  infusoriform  larvae  in  the  axial 
cell.  There  are  4-6  verruciform  cells  (figure  23). 

3.2d  Infusorigens:  They  are  relatively  large  and  contain  1 4-1 8  oogonia  and  oocy tes 
and  2-4  spermatogonia  and  spermatocytes  (figures  24  and  25). 

Table  2.'  Somatic  cell  number  of  Dicyema  madrasensis  n.sp. 


Cell  number 

Nematogens 

Vermiform 
larvae 

Rhombogens 

Total 

24 

6 

6 

2 

14 

25 

— 

— 

1 

1 

26 

1 

— 

1 

2 

27 

38 

34 

36 

108 

28 

— 

— 

— 

— 

29 

— 

— 

— 

— 

30 

16 

18 

8 

42 

31 

22 

16 

20 

58 

Total 

83 

74 

68 

225 
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3.2e  Infusoriform  larvae:  They  are  oval  or  spherical  with  a  blunt  posterior  end  and 
measure  26-8-32  x  2Q-24^m  and  are  uniformly  covered  with  short  cilia  (figures  26  and 
27).  There  are  two  refringent  bodies  which  are  equal  in  size  measuring  9-6/nn  in 
diameter  and  appear  thick  and  double  layered.  The  urn  cells  are  deeply  stained  and 
contain  one  somatic  and  one  generative  nucleus.  The  cell  number  varies  from  28-32. 

3.2f  Remarks:  The  present  form  from  Octopus  sp.  collected  from  Madras  has  a 
somatic  cell  number  which  varies  from  24-31,  the  usual  number  being  27  and  in  this 
respect  it  resembles  D.  acciaccatum  Me  Connaughey,  1949  (somatic  cell  number  22,  up 
to  28),  D.  acheronae  Me  Connaughey,  1949  (somatic  cell  number  23-28),  D.  clausianum 
Van  Beneden,  1876  (somatic  cell  number  27)  but  differs  considerably  in  other 
characters.  In  £>.  acciaccatum  the  usual  number  of  somatic  cells  is  22  unlike  in  the 
present  form  where  it  is  27.  The  axial  cell  in  the  present  form  extends  up  to  the  middle  of 
the  metapolars  and  contains  several  axoblasts  and  eosinophilic  granules  while  in 
D.  acciaccatum  the  axial  cell  terminates  at  the  base  of  the  metapolars.  The  calotte  in  the 
present  form  is  bluntly  pointed  while  it  is  elongated  in  D.  acciaccatum.  In  D.  acheronae 
the  somatic  cell  number  varies  between  23-28  and  the  axial  cell  ends  behind  the 
metapolars  unlike  in  the  present  form.  D.  clausianum  has  a  somatic  cell  number  of  27 
which  compares  favourably  with  the  present  form  but  it  differs  in  the  shape  of  the 
calotte  and  the  size  of  the  nematogens  and  rhombogens.  The  present  form  differs  from 
all  the  other  species  described  above  in  having  equal  sized  propolars  and  metapolars 
and  triangular  parapolars  with  conspicuous  nuclei.  A  characteristic  differential  staining 
of  the  peripheral  and  central  pro-  and  meta-polars  is  a  unique  feature  of  this  species. 
This  is  the  first  report  of  a  mesozoan  from  Octopus  sp.  from  the  Madras  coast.  In  view 
of  what  is  stated  the  present  form  is  considered  new  to  science  for  which  the  name 
Dicyema  madrasensis  n.sp.  is  proposed. 


3.3    Dicyema  octopusi  n.sp.  (figures  28-39) 

Si te  of  infection:  Renal  appendages 

Host:  Octopus  sp. 

Locality:  Offshore  Fishing  Station,  Visakhapatnam  (Andhra  Pradesh). 

Fifty-five  specimens  of  Octopus  sp.  ranging  in  size  from  15-25  cm  and  belonging  to 
both  the  sexes  were  examined  of  which  15  were  infected  with  D.  octopusi. 

Description:  Peripheral  cell  number  varies  from  18-20,  the  usual  number  being  20, 
consisting  of  4  propolars,  4  metapolars,  2  parapolars,  8-10  diapolars  and  2  uropolars. 

3.3a  Nematogens:  Numerous  nematogens  are  found  attached  to  the  hepatic  cell 
mass  as  well  as  to  the  renal  appendages.  They  are  long  ranging  in  size  from  566-1828 
x  24-62/an  (figure  28).  The  calotte  is  orthotropal  with  an  oval  anterior  end  and  a  broad 
flat  posterior  end.  The  propolars  are  generally  smaller  than  the  metapolars.  There  are 
two  flask-shaped  invaginations  at  the  junction  of  the  pro-  and  meta-polars  (figure  29). 
They  are  lightly  stained  with  haematoxylin  and  are  stained  blue  with  alcian  blue  with 
0*06  MgCl2  after  hydrolysis  with  H2SO4  showing  the  presence  of  hyaluronic  acid.  In 
sectioned  material  the  anterior  part  of  the  calotte  up  to  the  invaginations  is  embedded 
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35 


39 


Figures   28-39.    Dicyema   octopusi  n.sp.   28.  Nematogen,   29.  Calotte   enlarged 

i^TTf^S0'  ^  ^o^'  31~33'  Vemiif0rm  ^^ 
entire,  36  and  37.  Infusongens,  38  and  39.  Infusoriform  larvae 
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Table  3.    Somatic  cell  number  of  Dicyema  octopusi  n.sp. 


Vermiform 

Cell  number 

Nematogens 

larvae 

Rbombogens 

Total 

18 

8 

10 

— 

28 

19 

18 

32 

4 

54 

20 

22 

64 

11 

97 

Total 

48 

106 

15 

169 

in  the  tissue.  The  axial  cell  is  bilobed  at  the  anterior  end  and  extends  up  to  the  base  of 
the  metapolars.  The  two  parapolar  cells  are  square-shaped  with  a  big  nucleus  and  a 
conspicuous  nucleolus  (figure  29).  Numerous  developing  vermiform  larvae  are  seen  in  a 
single  nematogen,  mostly  in  the  anterior  part  of  the  axial  cell  (figure  30). 

3.3b  Vermiform  larvae:  (figures  31-33)  Mature  larvae  vary  in  size  from  180-200 
x  20-24/nn.  They  are  very  small  at  eclosion  and  measure  50-60  x  10-15/an.  The 
calotte  is  fairly  conspicuous  having  a  broad  base.  There  are  two  axial  cell  nuclei.  There 
are  typically  four  axoblasts,  two  being  anterior  and  the  other  two  being  posterior  to  the 
axial  cell  nucleus  (figure  32).  The  somatic  cells  are  spirally  arranged  around  a  central 
axial  cell  (figure  33)  and  the  body  is  uniformly  covered  with  cilia  except  in  the  region  of 
the  calotte  where  they  are  shorter. 

3.3c  Rhombogens:  (figures  34  and  35)  They  are  comparatively  few  in  number  in  the 
smears.  They  are  broad  and  short  and  measure  680-980  x  80-1 20/im.  The  anterior  end 
is  greatly  expanded  into  a  club-like  structure.  Infusorigens  and  infusoriform  larvae  are 
few  in  number  and  are  generally  seen  in  the  anterior  half  of  the  axial  cell.  The  diapolars 
are  irregularly  placed  and  contain  a  number  of  refringent  bodies.  There  are  no 
verruciform  cells. 

3.3d  Infusorigens:  They  are  small  and  deeply  stained  with  only  4-8  oogonia  and  2-4 
spermatocytes  (figures  36  and  37). 

3.3e  Infusoriform  larvae:  (figures  38  and  39).  They  are  oval  in  shape  having  a  pointed 
posterior  end  and  measure  45-55  x  40-50  /an.  There  are  two  solid  refringent  bodies 
measuring  20-6  x  12-6  placed  at  the  anterior  end.  The  cilia  present  in  the  posterior  half 
of  the  body  form  a  long  tuft  at  the  posterior  tip.  The  urn  cells  are  small  with  a  single 
germinal  and  two  somatic  nuclei.  The  number  of  cells  vary  from  34-36. 

3.3f  Remarks:  The  somatic  cell  number  in  the  present  form  varies  from  18-20,  the 
usual  number  being  20.  Other  species  of  Dicyema  whose  somatic  cell  number  falls 
within  this  range  are  D.  acuticephalum  (Nouvel  1947)  (somatic  cell  number  usually  18 
exceptionally  19),  D,  briar ei  (Short  1961)  (somatic  cell  number  20-22),  D.  robsonellae 
(Short  1961)  (somatic  cell  number  typically  20)  and  D.  typoides  (Short  1964)  (somatic 
cell  number  18  or  19,  rarely  16,  17  or  20).  The  calotte  in  D.  acuticephalum  is  more 
pointed  than  in  the  present  form.  The  axial  cell  extends  only  up  to  the  base  of  the 
metapolars  in  D.  acuticephalum  while  in  the  present  form  the  calotte  is  conspicuous 
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with  an  oval  anterior  and  a  broad  flat  posterior  end.  Although  the  axial  cell  extends  up 
to  the  base  of  the  metapolars,  it  is  bilobed  at  the  anterior  end  and  hence  differs.  In 
D.  briarei  the  somatic  cell  number  varies  from  20-22,  22  being  the  common  number 
unlike  in  the  present  form  where  it  is  20.  Further  in  D.  briarei  the  anterior  extent  of  the 
axial  cell  is  variable  and  extends  almost  up  to  propolars  in  vermiform  larvae,  inserted 
between  metapolars  and  extending  anteriorly  to  the  middle  of  the  metapolars  or 
beyond,  sometimes  reaching  propolars  in  rhombogens,  ending  at  or  beyond  the  base  of 
the  m^apolars  in  nematogens  which  is  different  from  what  is  seen  in  the  present  form. 
In  D.  rovsonellae  has  a  somatic  cell  number  of  22  and  the  calotte  forms  a  thin  cap  over 
the  enlarged  anterior  end  of  the  axial  cell  which  is  absent  in  the  present  form.  In  D,  typus 
there  are  a  variable  number  of  somatic  cells  ranging  from  16-20  (usually  18)  but  the 
axial  cell  extends  up  to  the  base  of  the  propolars  ending  usually  between  the  propolars 
unlike  in  the  present  form. 

In  view  of  the  above  differences  and  also  because  of  the  specific  characters  such  as  the 
possession  of  small  flask-shaped  invaginations  at  the  junction  of  pro-  and  meta-polars, 
the  possession  of  a  posterior  tuft  of  cilia  in  infusoriform  larvae  in  the  present  form  it  is 
considered  new  to  science  for  which  the  name  Dicyema  octopusi  n.sp.  is  proposed. 


3.4    Dicyema  nouveli  n.sp.  (figures  40-55) 

Site  of  infection:  Renal  appendages 
Host:  Loligo  duvauceli  d'Orbigny 
Locality:  Kalingapatnam  (Andhra  Pradesh) 

Eight  of  the  26  specimens  of  Loligo  duvauceli  collected  from  Kalingapatnam  are 
infected  with  a  new  mesozoan  which  is  described  here. 

Description:  Peripheral  cell  number  varies  from  26-28  consisting  of  4  propolars,  4 
metapolars  (occasionally  3),  2-3  parapolars,  12-14  diapolars  and  2  uropolars. 

3.4a  Nematogens:  (figures  41  and  42)  The  body  is  uniformly  long  and  slender  and 
expanded  and  fin-like  at  the  uropolar  region.  Twenty  five  of  them  measure  1-76 
x  0-0056  mm.  There  is  no  conspicuous  swelling  at  the  cephalic  region.  The  calotte  is 
plagiotropic,  elongated  and  measures  30-40  x  20-25  jim  with  small  deeply  stained 
propolars  and  3-4  elongated  metapolars.  The  axial  cell  extends  up  to  the  base  of  the 
calotte  (figures  42-44).  Parapolars  (2  or  3)  are  very  much  elongated.  The  diapolars  are 
arranged  spirally  around  the  axial  cell.  There  are  no  inclusions  or  accessory  nuclei  or 
verruciform  cells.  One  or  two  vermiform  embryos  are  seen  in  the  axial  cell  of  a  single 
nematogen  (figure  45).  Occasionally  a  few  stem  nematogens  are  observed  entangled  in 
the  mass  of  renal  appendages  (figure  46).  They  measure  200-250  x  100-120/mi. 

3.4b  Vermiform  larvae:  Mature  vermiform  stages  are  relatively  rare  and  are  small  in 
size  and  measure  50-65/xm  at  eclosion  (figure  47).  The  body  is  uniformly  thin  with  a 
narrow  constriction  at  the  cephalic  region.  The  anterior  end  is  finely  pointed.  Twenty 
five  vermiform  embryos  outside  the  host  measure  120-160  x  20-30/an.  There  are  three 
axial  cell  nuclei  each  having  5-10  axoblasts.  The  somatic  cells  are  arranged  spirally 
around  a  single  axial  cell.  The  body  is  uniformly  covered  with  cilia  (figures  48-50). 
There  are  three  axial  cell  nuclei  and  5-8  axoblasts. 

\ 
A- 7 
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Figures  40-50. 
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Figures  40-55.  Dicyema  nouveli  asp.  40  and  41.  Nematogens  entire,  42-44.  Calotte 
enlarged  views,  (Note  2  parapolars  in  figure  42  and  3  in  figure  43),  45.  A  nematogen  showing 
venmform  larvae  in  axial  cell,  46.  Stem  nematogen,  47-50.  Vermiform  larvae,  51  and 
52.  Rhombogens  entire,  53.  Infusorigen,  54  and  55.  Infusoriform  larvae 
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Table  4.    Somatic  cell  number  of  Dicyema  nouveli  n.sp. 


Vermiform 

Cell  number 

Nematogens 

larvae 

Rhombogens 

Total 

26 

12 

8 

18 

38 

27 

28 

6 

12 

46 

28 

36 

4 

20 

60 

Total 

76 

18 

50 

144 

3.4c  Rhombogen:  They  are  short  and  stumpy  and  measure  0-88-0*96 
x  0-01 5-0-28  mm.  The  calotte  is  generally  irregular  in  shape  with  a  broad  cephalic 
region  (figures  51  and  52).  Infusorigens  and  infusoriform  larvae  are  restricted  to  the 
anterior  apex  of  the  cell  (figure  52).  There  are  no  inclusions  either  in  the  axial  cell  or  in 
the  diapolars.  Verruciform  cells  are  observed.  The  infusorigens  show  6-8  oogonia  and 
oocytes  and  2-4  spermatogonia  and  spermatocytes  (figure  53). 

3.4d  Infusoriform  larvae:  They  are  oval  in  shape  and  measure  75-90  /on  x  20-40/zm 
with  four  spherical  refringent  bodies,  two  of  them  being  smaller  in  size  measuring  lOjum 
in  diameter  and  the  other  two  being  larger  in  size  measuring  20-2/an  in  diameter.  Urn 
cells  are  deeply  stained  with  three  nuclei,  one  generative  and  two  somatic.  Clavicle  cell 
encircles  the  urn  cells  at  the  postero  lateral  margin  like  a  small  band  filled  with 
eosinophilic  granules.  The  cell  number  varies  from  36-38.  The  posterior  cilia  are  longer 
(figures  54  and  55). 

3.4e  Remarks:  The  peripheral  cell  number  in  the  present  form  varies  from  26-28 
and  in  this  respect  it  comes  close  to  Dicyema  acciaccatum  Me  Connaughey,  1949 
(somatic  cell  number  22,  up  to  28),  D.  acheroni  Me  Connaughey,  1949  (somatic  cell 
number  23-26)  and  D.  clausianum  Van  Beneden,  1876  (somatic  cell  number  27). 
However,  it  differs  from  D.  acciaccatum  in  the  typical  number  of  somatic  cells  and  the 
different  stages  of  the  present  form  are  smaller  in  size.  The  calotte  is  elongated  in 
D.  acciaccatum  while  it  is  round  or  bluntly  oval  in  the  present  form.  The  present  form 
also  differs  from  the  other  two  species,  D.  acheroni  and  D.  clausianum  in  the  size  and 
shape  of  the  calotte  and  in  the  expanded  uropolars. 

The  unique  features  of  the  present  form  are  the  presence  of  2-3  elongated  parapolars, 
unequal  pro-  and  meta-polars  and  expanded  flat  uropolars.  Further  all  the  above 
mentioned  species  are  reported  from  Octopus  sp.  and  from  California,  USA  while  this  is 
the  only  form  from  Loligo  duvauceli  from  the  Bay  of  Bengal  In  view  of  this  the  present 
form  is  considered  new  and  is  designated  as  Dicyema  nouveli  n.sp. 
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1.  D.  acciaccatum  Me  Connaughey  1949  Octopus  sp.  California,  USA 

2.  D.  acheroni  Me  Connaughey  1949  Octopus  sp.  California,  USA 
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6.  D.  apollyoni  Nouvel  1947  0.  apollyon  California,  USA 

7.  D.  australis  Penchaszadeh  1968  0.  tehuelchus  Australia 

8.  D.  balamuthi  Me  Connaughey  1949  Octopus  sp.  San  Francisco  Bay,  USA 


*Not  referred  to  in  original. 
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Observations  on  the  fine  structure  of  the  sebaceous  flank  gland  of  the 
Indian  musk  shrew,  Suncus  murinus  viridescens  (Blyth) 
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Abstract.  The  fine  structure  of  the  sebaceous  gland  acini  which  form  the  bulk  of  the  flank 
gland  in  the  Indian  musk  shrew  was  studied.  The  secretion  of  the  gland  appeared  to  be  mainly 
lipoid  in  nature,  seen  as  numerous  intracellular  lipid  droplets  showing  varying  degrees  of 
osmophilia  from  light  to  intense  dark.  The  mitochondria  contained  one  to  several  electron 
dense  inclusions  which  were  discharged  from  disrupted  mitochondria  and  were  seen  floating  in 
the  cytoplasm  and  also  in  the  ducts  of  the  gland  complex.  It  is  suggested  that  these  inclusions 
which  presumably  contain  high  concentrations  of  waxes  synthesized  within  the  mitochondria, 
form  the  major  components  of  the  holocrine  secretion  discharged  from  the  flank  gland  of  the 
shrew. 

Keywords.  Indian  musk  shrew;  Suncus  murinus  viridescens;  sebaceous  gland;  flank  gland; 
ultrastructure. 


1.    Introduction 

The  mammalian  integumentary  glands,  though  differing  widely  in  terms  of  structural 
features  and  chemical  properties,  are  essentially  derived  from  two  basic  types,  the 
sebaceous  and  sudoriferous  glands  (Quay  1972).  Mammals  in  general  make  use  of  all 
such  exudative  organs  for  odour  production,  and  the  dermal  sebaceous  glands  which 
are  distributed  in  many  parts  of  the  body  are  especially  common  in  rodents  and  other 
small  mammals.  The  true  sebaceous  tissue  consists  of  holocrine  glands  producing  a 
lipoid  secretion  called  sebum. 

The  specialized  integumentary  glands  of  the  Indian  musk  shrew  have  generated 
considerable  interest  with  regard  to  the  structure  and  possible  implications  in  their 
social  interactions  (Balakrishnan  and  Alexander  1976,  1977a,  b,  1980).  In  a  light 
microscopic  study,  Balakrishnan  and  Alexander  (1977b)  reported  that  the  flank  glands 
of  the  shrew  consist  mainly  of  the  sebaceous  gland  tissues  and  relatively  little  of  the 
sudoriferous  tubules  located  in  the  periphery.  Histochemical  staining  showed  the  gland 
to  be  highly  sudanophilic.  No  significant  sexual  dimorphism  was  observed  in  any  of 
these  glandular  tubules  in  the  shrew. 

Although  light  microscopic  studies  have  been  made  on  the  specialized  integumentary 
glands  of  a  number  of  mammalian  species,  information  on  the  fine  structure  of  these 
glands  are  scarce.  Hence,  it  was  considered  to  be  of  interest  to  report  on  the 
ultrastructure  of  the  sebaceous  gland  tissue  in  the  flank  gland  of  the  shrew,  Suncus 
murinus  viridescens  (Blyth), 
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2.  Materials  and  methods 

Shrews  (Suncus  murinus  viridescens)  were  trapped  from  the  fields  in  the  vicinity  of  the 
University  Campus  at  Kariyavattam,  the  sexes  were  identified  and  kept  in  individual 
wire  mesh  cages  for  2-3  days  on  a  regular  supply  of  minced  beef  sprinkled  with  shark 
liver  oil  and  tap  water.  The  flank  glands  were  dissected  out  from  adult  males  under  ether 
anaesthesia  and  cut  into  thin  slices  and  fixed  in  2-5%  glutaraldehyde  in  0*1  M 
phosphate  buffer  for  4  hr.  The  fixed  tissues  were  washed  in  0-1  M  phosphate  buffer  for 
2  hr  and  post-fixed  in  1  %  osmium  tetroxide  in  0-1  M  phosphate  buffer  for  2  hr.  These 
tissues  were  then  processed  for  electron  microscopy  (at  the  University  of  Guelph, 
Guelph,  Canada).  The  tissues  were  dehydrated  in  an  ascending  series  of  acetone  and 
embedded  in  Epon  812.  Ultrathin  sections  were  cut  (Sorval  MTB-!  microtome)  using 
glass  knives  and  mounted  on  200  mesh  uncoated  copper  grids.  The  sections  were  then 
stained  with  uranyl  acetate  for  8  min  and  lead  citrate  for  9  min  (Reynolds  1963),  and 
examined  under  an  electron  microscope  (JOEL,  100S)  at  80  kV.  Corresponding  1  \i  thick 
sections  were  stained  with  toluidine  blue  and  examined  for  light  microscopy. 

3.  Results 

The  sebaceous  gland  complex  which  forms  the  main  bulk  of  the  flank  gland  consists  of 
numerous  holocrine  secretory  cells  within  extensive  lobulations  of  sebaceous  acini,  rich 
in  lipids.  The  secretion  appeared  to  be  mainly  lipoid  in  nature  and  carried  through 
narrow  ducts  (figures  1  and  2).  The  numerous  intracellular  lipid  droplets  showed 
varying  degrees  of  osmophilia,  from  light  to  intense  dark  (figures  3  to  5).  The  individual 
cells  could  be  demarcated  by  the  junctional  complex  and  their  prominent  nuclei  (figure 
3).  The  presence  of  numerous  blood  capillaries  in  the  glandular  tissue  and  mitochondria 
within  the  cells,  was  indicative  of  a  copious  blood  supply  and  high  metabolic  activity 
(figure  5).  The  mitochondria  appeared  rounded  in  cross-section  and  the  cristae  were 
often  indistinct,  especially  towards  the  centre.  The  mitochondria,  characteristically 
contained  one  to  several  osmophilic  electron  dense  inclusions  (each  100-250  nm  in 
dia.),  (figures  3, 4  and  7).  Some  mitochondria  were  seen  disrupted  with  their  inclusions 
left  floating  in  the  cytoplasm  (figure  7).  These  mitochondrial  inclusions  were  also 
spotted  in  the  ducts  of  the  gland  (figure  6). 

4.  Discussion 

Certain  histological  and  histochemical  features  of  the  sebaceous  glandular  tissue  of  the 
flank  gland  in  the  Indian  musk  shrew  have  been  described  in  an  earlier  study 
(Balakrishnan  and  Alexander  1977b).  It  was  shown  that  these  gland  cells  were  highly 
sudanophilic,  indicating  the  presence  of  large  amounts  of  lipid  and  that  they  also  gave 
intense  positive  staining  for  the  presence  of  ascorbic  acid  which  was  suggestive  of  high 
metabolic  activity.  In  the  present  study,  the  presence  of  high  intracellular  concen- 
trations of  lipid  is  confirmed  at  the  light  as  well  as  electron  microscopic  levels  (figures  1 
to  7).  That  these  gland  cells  are  metabolically  very  active,  is  also  evidenced  by  the 
presence  of  numerous  mitochondria  (figures  3  to  7)  and  the  copious  blood  supply  to  the 
gland  tissue  (figure  5). 
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Figures  1  and  2.  Photomicrographs  of  semi-thin  sections  of  the  sebaceous  gland  acini  from 
the  flank  gland  of  Suncus  murinus  viridescens  stained  with  toluidine  blue,  showing  concentra- 
tion of  intra-cellular  lipid  (figure  1  x  1450)  and  lipid  distribution  in  a  wider  area  (figure 
2  x  580).  Note  the  secretory  material  within  duct  (figure  1,  arrows).  (C,  capillary;  L,  lipid;  M, 
mitochondrion;  N,  nucleus;  so,  sebaceous  gland;  SGD,  sebaceous  gland  duct). 
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Figures  3  and  4. 
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Figures  3-7.  Electron  micrographs  of  ultra  thin  sections  showing  intra-cellular  lipid 
droplets  of  varying  degree  of  osmophilia  and  mitochondrial  electron  dense  inclusions  (arrow 
heads).  Note  in  figure  3  ( x  16000)  nuclei  and  junctional  complexes  (arrows);  in  figure  4 
( x  9000)  mitochondrial  inclusions  (arrow  heads)  ranging  in  number  from  one  to  several  per 
mitochondrion;  in  figure  5  ( x  4500)  several  capillaries  and  numerous  mitochondria;  in  figure  6 
( x  4875)  the  occurrence  of  mitochondrial  inclusions  in  the  gland  duct  (arrows);  and  in  figure  7 
( x  22500)  several  of  the  inclusions  within  a  mitochondrion  (arrow  heads)  and  some  inclusions 
floating  in  the  cytoplasm  (arrows)  resulting  from  the  disruption  of  the  mitochondria. 


The  most  striking  observation  in  the  present  study,  however,  is  the  presence  of  one  to 
several  mitochondrial  dense  osmophilic  inclusions  (100  to  250  nm  dia,)  (figures  3  to  7). 
The  occurrence  of  similar  mitochondrial  inclusions  of  exactly  the  same  size  range  have 
been  reported  in  the  mitochondria  of  the  specialized  sebaceous  tissue  in  the  preputial 
glands  of  mice  (Sansone  et  al  1970).  These  mitochondrial  inclusions  in  the  mouse 
preputial  gland  (as  seen  in  the  published  electron  micrography),  unlike  that  in  the  shrew 
flank  gland,  were  mostly  single  rather  than  two  to  several  as  seen  in  figure  7.  These 
mitochondrial  inclusions  were  a  constant  morphological  feature  in  the  three  different 
strains  of  mice  examined  and  appeared  to  be  also  independent  of  age  and  sex,  and  not 
qualitatively  influenced  by  testosterone  administration.  Mitochondria  from  castrated 
and  immature  male  and  female  mice  also  contained  these  inclusions  (Sansone  et  al 
1970).  They  have  also  reported  that  the  mouse  preputial  gland  contained  about  80% 
lipid,  of  which  were  waxes  (48  %),  triglycerides  (17  %),  diacyl  glyceryl  ethers  (14%)  and 
phospholipids  (less  than  10%).  The  mitochondrial  inclusions  were  constituted  mainly 
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of  waxes,  and  in  lesser  amounts,  of  diacyl  glyceryl  ethers,  triglycerides  and  free  sterols. 
In  contrast,  the  microsomal  fraction  was  essentially  devoid  of  waxes.  On  the  other 
hand,  mitochondria  isolated  from  preputial  gland  tumors,  though  similar  in  general 
morphology  to  those  of  the  normal  preputial  gland,  did  not  show  the  dense  inclusions 
but  contained  large  amounts  of  cholesterol  esters  (30  %)  and  phospholipids  (25  %),  but 
most  importantly,  no  waxes  (Sansone  et  al  1970).  From  these  results  the  authors 
inferred  that  triglycerides  might  be  the  counterpart  of  the  waxes  in  other  cells  but  stated 
in  conclusion  that  the  significance  of  the  accumulation  of  neutral  lipids,  especially 
waxes  in  the  mitochondria,  remains  to  be  determined. 

In  light  of  the  above  observations,  it  appears  that  the  mitochondrial  inclusions  in  the 
sebaceous  flank  gland  cells  of  the  Indian  musk  shrew  are  similar  in  lipid  composition  to 
those  in  the  mouse  preputial  gland  cell  mitochondria.  It  is  tempting  to  suggest  that  the 
mitochondria  in  the  gland  cells  of  these  two  animals  normally  synthesize  increasing 
amounts  of  waxes,  probably  from  fatty  acids  derived  from  triglycerides,  until  they  lose 
their  integrity  by  the  disruption  of  their  membranes  (figure  7),  thus  releasing  their 
content  into  the  general  cytoplasm  of  the  cell  (figure  7).  Subsequently,  with  the 
accumulation  of  sufficient  secretory  material  in  the  cell,  the  entire  cell  would  get 
disrupted,  like  any  typical  holocrine  gland  cell,  discharging  the  oily  product  into  the 
hair  follicles  and  finally  onto  the  skin  surface.  Evidently,  granules  similar  to  the  electron 
dense  mitochondrial  inclusions  do  occur  in  the  ducts  of  the  gland  carrying  the  secretion 
(figure  6).  The  different  shades  of  osmophilia  seen  in  the  lipid  material  both  inside  and 
outside  the  mitochondria  (figures  1  to  7)  suggest  the  presence  of  lipids  of  varying 
composition  since  it  has  been  shown  that  intense  staining  with  osmium  tetroxide 
depends  upon  the  interaction  of  osmium  with  unsaturated  bands  in  fatty  acids  (Koen 
1966). 

Sexual  dimorphism  in  the  morphology  of  the  flank  gland  which  is  better  developed  in 
males,  has  been  reported  in  European  shrews  (Crowcroft  1957).  In  the  Indian  musk 
shrew,  no  such  dimorphism  was  discernible  (Balakrishnan  and  Alexander  1977a,b).  It  is 
generally  believed  that  at  least  one  function  of  these  glands  is  scent  marking.  In  the 
Indian  musk  shrew,  both  males  and  females  have  been  observed  to  mark  the  sides  of  the 
observation  tanks  in  which  they  were  maintained  and  also  certain  objects  placed  in 
the  tanks,  by  the  secretion  of  their  flank  glands  (Balakrishnan  and  Alexander  1976, 
1980). 

The  present  investigation  has  revealed  the  possible  role  of  mitochondria  in  the 
production  of  the  secretory  material  of  the  sebaceous  flank  gland  cells.  This  calls  for 
further  research  on  the  chemical  composition  of  the  mitochondrial  inclusions  in 
relation  to  that  of  the  secretion  of  the  sebaceous  gland  as  a  whole,  the  influence  of 
hormones  regulating  the  secretory  activity  of  the  gland,  the  enzyme  systems  that  affect 
changes  at  the  first  and  second  messenger  levels,  and  the  impact  of  the  components  of 
the  secretory  material  on  olfaction  in  relation  to  the  animal's  sexual  activity  and  social 
interactions. 
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Abstract.    This  communication  records  eight  ectoparasites  of  the  gills  and  skin  from  edible 
freshwater  fishes  of  Haryana.  Since  all  eight  parasites  collected  differ  from  those  described 
4  earlier  in  the  literature,  they  are  briefly  redescribed  and  arranged  systematically. 

Keywords.    Parasites;  cyst;  denticle;  carapace. 

1.  Introduction 

Most  of  the  common  freshwater  food  fishes  of  India,  are  known  to  harbour  parasites 
belonging  to  practically  every  major  phylum  (Haldar  and  Mukherjee  1979).  In  course 
of  routine  examinations  for  ectoparasites  of  the  gills  and  skin  of  edible  fishes  of 
Haryana,  the  authors  obtained  Trichodina  indica  from  the  skin  of  Hypophthalmichthys 
molitrix  (Silver  Carp),  Ichthyophthirius  multifilns  from  the  skin  of  Cyprinus  carpio 
(Common  Carp),  Chilodonella  cyprini  from  the  gills  of  Labeo  rohita  and  Catla  catla, 
Gyrodactylus  from  the  skin  of  the  Salmo  trutta  (Trout);  Posthodiplostomum  from  black 
spots  on  the  body  of  Labeo  calbasu  (Black  baas);  Argulus  and  Ergasilus  from  both  the 
skin  and  gills  of  Rita  rita  and  Notemigonus  crysoleucas  (golden  shiners)  and  Lernaea 
elegans  from  the  skin  and  gills  of  carp,  tench  and  pike.  As  this  is  the  first  survey  of  the 
ectoparasite  fauna  of  the  edible  and  cultured  freshwater  fishes  of  Haryana,  short 
redescriptions  of  the  various  ectoparasites  collected  are  presented. 

2.  Material  and  methods 

The  host  fishes  were  collected  from  the  ponds  of  Haryana  Government  Fish  Seed  Farm 
(HGFSF),  Jyotisar  and  Central  Inland  Fisheries  Research  Institute  (CIFRI),  Karnal  and 
brought  immediately  to  the  laboratory  in  the  Department  of  Zoology,  Kurukshetra 
University,  Kurukshetra.  All  the  ectoparasites  collected  from  the  skin  and  gills  of  the 
fishes  after  careful  examination  were  thoroughly  washed  in  physiological  saline,  fixed  in 
hot  70%  alcohol  and  preserved  in  5%  glycerine  alcohol.  Permanent  slides  of  the 
parasites  were  prepared  by  staining  them  in  Borax  carmine,  Giemsa  and  Heidenhain's 
iron  alum-haematoxylin.  All  figures  have  been  drawn  using  a  camera  lucida. 

3.  Results  and  discussion 

3.1     Chilodonella  cyprini  (Protozoa:  Ciliata:  Chlamydodontidae)  (figure  1) 

The  body  (length:  42-72  ^  breadth:  20-30  /i)  is  heart  or  leaf-shaped  and  is  dorsoven- 
trally  flattened.  The  dorsal  side  is  swollen  and  bare  and  has  no  stripes,  the  ventral  side  is 
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Figures  1-6.  1.  Chilodonella  cyprini:  showing  ciliary  rows  and  cytostome.  2.  Trichodina 
indica:  the  adult  parasite  showing  cilia  on  the  periphery.  3.  Carp  with  white  spots  (ws). 
4.  Ichthyophthirius  muhifiliis:  Cilia  and  horse-shoe-shaped  nucleus  are  clearly  seen. 
5-6.  White  spot  cysts:  in  which  the  parasite  undergoes  rapid  division  into  a  number  of  young 
but  complete  parasites. 

completely  flat,  striped  and  partially  ciliated.  The  anterior  end  of  the  body  has  slightly 
larger  cilia  than  the  posterior  end,  lateral  cilia  being  absent.  Internally  C.  cyprini  has  two 
contractile  vacuoles  and  a  nucleus.  Cursory  examination  indicated  that  the  C.  cyprini 
from  Haryana  are  distinctly  smaller  than  those  studied  by  Hoffman  et  al  (1979). 
Chilodonella  cyprini  has  6-11  ciliary  rows  compared  to  5-10  ciliary  rows  of 
C.  hexasticha  (Hoffman  et  al  1979).  This  is  the  first  record  of  C.  cyprini  from  North 
India  as  well  as  the  first  report  from  a  new  host,  Ictalurus  punctatus. 


3.2    Trichodina  indica  (Protozoa:  Ciliata:  Urceolariidae)  (figure  2) 

The  mature  stages  of  this  ciliate  are  found  on  the  skin  and  gills  of  the  common  carp  in 
the  form  of  white  irregular  patches  over  the  head  and  body.  The  body  of  T.  indica  is 
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symmetrical  measuring  50-86  ^  in  length  and  45-79 /z  in  breadth.  Curved  denticles 
(18-21)  are  present  around  the  adhesive  disc  forming  an  external  ring.  The  slender 
denticles  have  long  sharp  hooks,  the  junction  of  these  hooks  with  the  central  conical 
portion,  protruding  forward  to  form  a  small  round  projection.  The  inner  thorns  (rays) 
of  the  denticles  taper  gradually  to  their  ends  while  the  central  part  of  the  denticle  has  no 
appendage.  There  is  no  clear  area  in  the  centre  of  the  adhesive  disc.  Descriptions  of  this 
species  given  by  other  workers  (Tripathi  1954a;  Wellbarn  1967;  Lucky  and  Hoffman 
1980)  are  similar  but  differ  in  the  number,  shape  and  arrangement  of  the  denticles  e.g., 
Hoffman  (1980)  reached  26-32  denticles,  whereas,  Lucky  (1977)  recorded  18-21 
denticles  on  the  adhesive  disc,  Tripathi  (1954a)  recorded  T.  indica  from  the  gills  and 
skin  of  fry  and  fingerlings  of  the  Indian  major  carps  with  14-18  small  denticles. 

3.3  Ichthyophthirius  multifiliis  (Protozoa:  Ciliata:  Ophryoglendidae)  (figure  4) 

This  ectoparasite  appears  as  small  white  or  grey  nodules  (0-5-1  mm  in  dia.)  over  the 
body  surface  of  the  host  especially  on  the  fins  and  the  skin  (figure  3).  Each  spot  is  in 
reality  a  small  bladder,  containing  one  or  more  parasites.  The  mature  parasites 
(250-900 /z)  secrete  a  cyst  around  themselves  (figures  5-6)  which  is  generally  spherical 
or  ovoid  in  shape  although  considerable  variation  in  shape  has  been  observed.  The 
whole  body  of  L  multifiliis  bears  a  large  number  of  cilia  used  by  the  parasite  to  move 
through  the  water  and  penetrate  the  skin  of  the  host  fish.  I.  multifiliis  has  a  tubular 
mouth,  several  vacuoles  and  a  large  horse-shoe-shaped  nucleus  (figure  4).  Lucky  (1977) 
reported  /.  multifiliis  from  all  the  species  of  cultured  fishes  sampled,  whereas,  in 
Haryana  this  parasite  was  recorded  only  from  the  skin  of  common  carp,  catfish  and 
gold  fish.  Tripathi  (1955)  experimentally  induced  the  infection  of  /.  multifiliis  in  Indian 
major  carps.  The  diameter  of  L  multifiliis  recorded  by  Gopalakrishnan  (1964)  ranged 
from  152-170/1  which  is  considerably  smaller  than  the  Haryana  records. 

3.4  Gyrodactylus  elegans  indicus  (Platyhelminthes:  Monogenea:  Gyrodactyloidae) 
(figure  7) 

This  flat  worm  has  an  elliptical-shaped  body  and  measures  approximately  0-6-0-9  mm 
in  length  and  0-1-0-2  mm  in  breadth.  Two  conical  projections  bearing  openings  of 
sticky  liquid  secreting  glands  are  present  on  the  anterior  tip  of  the  body  but  no  eyes  are 
present.  A  strong  disc-shaped  attachment  organ  is  present  on  the  posterior  end.  The 
haptor  has  one  pair  of  central  hooks  without  an  external  prominence  and  two 
connecting  bars,  of  which  the  basal  one  often  has  a  membranous  extension  and  16 
marginal  hooks.  The  central  hooks  are  82-1 62  /an  long.  The  basal  plate  has  long 
proximally  directed  prominences.  However,  G.  elegans  indicus  from  Haryana  are  very 
similar  to  G.  elegans  indicus  described  by  Tripathi  (1954, 1959),  except  that  they  do  not 
have  a  distinct  shelf  on  the  booklet  toe.  This  is  the  first  record  of  a  monogenean  from 
Salmo  truttafario. 

3.5  Posthodiplostomum  cuticola  (Platyhelminthes:  Trematoda:  Digenea: 
Diplostomatidae)  (figure  8) 

Posthodiplostomum  cuticola  are  found  enclosed  in  oval-shaped  black  cysts  on  the  skin, 
fins,  eyes  and  mouth  of  the  host  (figure  9).  The  size  of  these  irregular  t>lack  spots  varies 
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Figures  7-9.  7.  Gyrodactylus  elegans  indicus:  showing  the  adult  stage  of  parasite.  (PH- 
pharynx,  ALEV-anterior  lateral  excretory  vessel,  G-glycogen  vacuoles.)  8.  Posthodiplostomum 
cuticola:  a  parasite  removed  from  its  cyst.  (OS-oral  sucker,  LPS-lateral  pseudosucker,  O-ovary, 
T-testes,  ED-excretory  duct.)  9.  Fish  infected  with  black  spot  (BS)  disease. 

between  0*86  and  3-80  mm.  Each  parasite  in  the  cyst  measures  approximately  1  mm  in 
length.  The  body  is  typically  flat  and  consists  of  two  equally  sized  lobes,  although  the 
anterior  half  is  filled  with  glands  and  is  thus  less  transparent  than  the  posterior  half. 
There  are  two  suckers  and  an  attachment  organ  on  the  body.  The  oral  sucker  is  broader 
than  long.  The  mouth  leads  to  an  elongated  pharynx  which  continues  as  a  narrow  and 
slender  oesophagus,  before  forming  the  intestinal  caecae  which  extend  far  into  the  hind 
body.  Accessory  suckers  are  laterally  situated  and  are  prominent  and  larger  than  the 
oral  sucker.  The  acetabulum  is  smaller  than  the  oral  sucker  and  is  located  in  the  region 
of  the  bifurcation  of  the  oesophagus.  The  hold  fast  located  behind  the  acetabulum  is 
nearly  as  large  as  the  accessory  suckers  and  is  circular  or  oval,  with  a  longitudinal  cavity. 
Genital  rudiments  are  confined  to  the  posterior  half  of  the  body  and  recognizable  as  an 
oval  lobed  ovary  to  the  outside  of  the  caecum,  and  have  three  lobes  of  the  testes,  two  of 
which  are  elongated  and  overlie  the  caeca  while  the  third  lobe  is  oval  and  apposed  to 
one  of  the  elongated  lobes.  Two  branched  excretory  ducts  on  the  inside  of  the  caeca 
unite  posteriorly  to  open  by  a  common  terminal  pore. 

The  larval  forms  of  Posthodiplostomum  cuticola  were  first  reported  by  Ganapati  and 
Hanumantha  Rao  (1954)  from  Catla  catla  and  a  year  later  by  Abraham  and 
Anantaraman  (1955).  P.  cuticola  is  almost  identical  with  the  metacercaria  described  by 
Ganapati  and  Hanumantha  Rao  (1955)  and  Gopalakrishnan  (1961).  The  larval  forms 
of  P.  cuticola  are  described  as  Diplostomulum  cuticola  by  Ganapati  and  Hanumantha 
Rao  (1962)  and  recorded  from  domestic  animals  by  Thapar  (1956). 


3.6    Ergasilus  sieboldi  (Arthropoda:  Crustacea:  Copepoda)  (figure  10) 

The  body  is  pear-shaped  and  cyclops-like,  narrowing  posteriorly,  and  measures 
1*4-2*6  mm  in  length  including  egg  sacs,  and  1-1-1 -6  mm  without  egg  sacs.  The  long 
hook-shaped  second  antennae  form  fixation  organs.  The  cephalic  and  thoracic 
segments  are  fused  to  form  a  cephalothorax,  which  is  inflated  dorsally  and  has  a  single 
median  eye  towards  the  anterior  end.  The  thorax  has  six  segments;  the  fifth  segment  is 
often  short  and  difficult  to  distinguish,  whereas,  the  sixth  is  enlarged  to  form  genital 


Ectoparasites  of  freshwater  food  fishes 


667 


11 


12 


Figures  10-12.  10.  Ergasilus  sieboldi:  the  adult  female  parasite.  (FA-first  antenna,  SA-second 
antenna,  ES-eye  spot,  cr-cephalothorax,  o-ovary,  srs-second  thoracic  segment,  so-swimming 
legs,  FAS-first  abdominal  segment,  ES-egg  sac.)  11.  Lernaea  cyprinacea:  the  adult  parasite. 
(ST-stalked  ciliates,  G-gonads.)  12.  Argulus  indicus:  the  adult  male  parasites.  (El-eye,  psi-pre- 
oral  sting,  sc-suction  cup,  RS-respiratory  area,  SM-second  maxilliped,  TA-thoracic  appendage, 
NL-natatory  lobe,  T-testes,  A-abdomen.) 


organs.  The  first  four  pairs  of  swimming  legs  are  branched  and  the  fifth  pair  is 
rudimentary  and  is  analogous  to  a  finger-shaped  uniramous  prominence  with  two 
bristles  on  the  top  and  one  near  the  base.  The  small  narrow  abdomen  has  three 
segments,  the  most  posterior  of  which  bears  a  pair  of  anal  lamellae.  The  head  has  two 
pairs  of  antennae;  the  first  is  sensory  and  has  six  segments  with  numerous  setae,  the 
second  pair  is  stout  and  modified  for  grasping  the  gill  filaments  of  a  fish.  The  mouth 
parts  are  well  developed  and  modified  for  biting.  The  adult  male  is  similar  in  form  but 
shorter  (1  mm)  and  more  slender  than  the  female  with  all  the  appendages  reduced 
except  for  the  maxillipeds  which  are  enlarged.  No  other  secondary  sex  characters  are 
evident,  except  a  pair  of  spines  on  the  genital  segment.  E.  sieboldi  has  been  described 
earlier  by  Bo  wen  (1966)  but  this  is  the  first  attempt  from  the  cultured  fishes  in  Haryana. 
Karamchandani  (1952)  described  a  new  species,  Ergasilus  batai  from  the  gills  ofLabeo 
bata  in  India  but  the  E.  sieboldi  specimens  described  here  are  considerably  larger  than 
that  of  E.  batal 


3.7    Lernaea  cyprinacea  (Arthropoda:  Crustacea:  Copepoda)  (figure  11) 

The  body  of  the  male  is  unsegmented  while  the  mature  female  is  8-22  mm  long  and 
consists  of  a  head  and  an  elongated  body  with  degenerate  swimming  legs.  Posteriorly 
egg-sacs  are  usually  present.  Anteriorly  the  head  expands  into  large  cephalic  horns 
which  are  soft  and  leathery  in  texture.  The  attachment  organs  are  analogous  to  finger- 
shaped  cephalic  prominences  and  tong-like  antennae.  The  first  and  fourth  pairs  of 
swimming  legs  are  forked.  The  individual  pairs  of  legs  are  considerably  distant  from 
each  other  and  the  fifth  pair  is  reduced  to  a  small  prominence.  The  sixth  pair  of  thoracic 
legs  is  short  and  unsegmented.  The  present  description  of  L.  cyprinacea  is  similar  to  that 
given  by  Putz  and  Bowen  (1968),  Srinivasachar  and  Sundarabai  (1974)  and  Lucky 
(1977). 
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3.8    Argulus  indicus  (Arthropoda:  Crustacea:  Branchiura)  (figure  12) 

The  cephalothorax  is  broad  and  flattened.  The  dorsal  part  forms  a  convex  cephalo- 
thoracic  carapace  which  does  not  exceed  the  front  margin  of  the  caudal  fin  and  whose 
posterior  part  is  heart-shaped.  The  cephalothorax  is  sunken  at  the  ventral  side,  on 
which  there  are  two  faceted  eyes.  Antennae  I  are  transformed  into  a  clasping  organ  and 
terminate  with  bent  hooks  while  antennae  II  are  not  branching.  The  mandibulae  occur 
in  the  cavity  of  a  short  proboscis  with  the  maxillae  transformed  into  enormous  suckers. 
The  abdomen  is  small  and  its  rear  end  (seminal  receptacle)  forms  two  lobes  (caudal  fin) 
containing  testes.  The  thorax  has  four  segments,  the  first  of  which  is  fused  with  the 
carapace.  Each  thoracic  segment  bears  a  pair  of  branched  swimming  legs.  The  tail 
contains  the  gills.  The  body  of  the  female  is  6-7  mm  long  and  lacks  the  usual  oval  egg 
sacs  while  the  male  grows  to  only  4-5  mm  in  length.  The  caudal  fin  has  rounded  lobes 
covered  with  small  thorns.  Argulus  indicus  differs  from  A.foliaceus  (Bo wen  and  Putz 
1966;  Hoffman  1977)  in  having  small  thorns  on  the  caudal  fins.  A.  indicus  previously 
known  from  Java  and  Thailand  was  first  recorded  from  India  by  Ramakrishna  (1952). 

4.    Conclusion 

Trichodina  indica,  Ichthyophthirius  multiftliis,  Chilodonella  cyprini  (Protozoa), 
Posthodiplostomum  cuticola,  Gyrodactylus  elegans  indicus  (platyhelminthes),  Argulus 
indicus,  Ergasilus  sieboldi  and  Lernaea  cyprinacea  (Crustaceans)  were  obtained  from 
the  fishes  cultured  in  the  Nursery-cum-Research-cum-Stocking  Ponds  at  Karnal  and 
Jyotisar  (Kurukshetra).  All  these  ectoparasites  of  cultured  and  edible  fishes  are 
described  morphologically  and  arranged  systematically. 
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Abstract.  Seasonal  fluctuations  along  with  certain  physico-chemical  parameters  were 
recorded  for  two  hillstreams,  the  Alaknanda  (snow-fed)  and  the  Nayar  (spring-fed).  In  the 
former,  the  water  temperature  range  of  9-14°C  is  considered  optimum  for  the  growth  of 
diatoms,  compared  to  12~21°C  in  the  Nayar.  In  both  hillstreams  diatoms  achieved  their 
maxima  during  January,  when  the  water  temperature  is  the  lowest.  Sudden  influx  of  rain  water 
carrying  enormous  silt  during  monsoon  is  responsible  for  the  decline  in  density.  The  water 
temperature  and  current,  especially  the  latter  is  thus  a  detrimental  factor.  The  interesting 
feature  of  the  study  is,  the  relatively  higher  percentage  of  diatoms  in  the  Nayar  than  in  the 
Alaknanda,  obviously  to  be  attributed  to  the  warm  waters  in  the  former. 

Keywords.    Seasonal  fluctuations;  diatom  density;  Garhwal  region. 


1.    Introduction 

Aquatic  ecosystems,  for  various  reasons,  have  not  been  subjected  to  rigorous  study.  The 
present  studies  have  been  taken  up  from  the  viewpoint  of  exploiting  the  fishery 
resources  in  the  Garhwal  region.  The  results  highlight  the  role  of  certain  physico- 
chemical  parameters  in  seasonal  fluctuations  of  diatom  density  in  some  hillstreams  of 
the  Garhwal  Himalaya,  as  they  form  an  important  part  of  diet  of  snow-trout 
Schizothorax,  an  economically  important  food  fish  of  this  region. 

The  diatoms,  cosmopolitan  in  occurrence,  on  the  basis  of  various  zones  inhabited  by 
them,  are  classified  as  benthic  and  epiphytic  (Patrick  1948).  Their  populations  generally 
constitute  a  part  of  the  periphyton  community,  as  they  tend  to  settle  on  the  submerged 
substratum  (Garnett  1953).  Several  authors  have  discussed  the  role  of  various  physico- 
chemical  factors,  which  influence  the  growth  and  abundance  of  this  and  other  acellular 
algae  (Gran  1902;  Strausbaugh  1930;  Roy  1955;  Chakrabarty  et  al  1959). 


2.    Methodology 

The  physico-chemical  factors  viz  water  temperature,  turbidity,  water  current,  dissolved 
O2 ,  CO2  and  total  alkalinity  of  the  snow-fed  Alaknanda  and  the  spring-fed  Nayar,  were 
considered  for  the  present  investigations. 

The  water  temperature  was  measured  using  a  simple  centigrade  thermometer.  The 
values  of  turbidity  and  current  were  recorded  using  a  turbidity  and  a  current  meter, 
respectively,  the  dissolved  O2  by  unmodified  Winkler's  method,  CO2  by  neutralized 
phenolphthalein  indicator  method  and  total  alkalinity  by  phenolphthalein  and  methyl 
orange  indicator  methods  (Welch  1948). 
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The  planktons  were  sampled  by  filtering  50 1  of  the  sub-surface  water  sample  through 
20  bolting  silk  and  fixing  it  in  4%  formalin  so  as  to  form  a  100ml  concentrate. 
Sedgewick-Rafter  cell  counts  were  then  made,  thrice,  for  planktons  and  the  average 
computed  from  them.  Seasonal  variations  were  assessed  from  these  counts  by 
calculating  n,  the  average  count  per  cubic  mm,  b,  the  volume  of  the  original  concentrate 
(cc)  and  /,  the  volume  of  the  original  water  filtered  (litres). 

The  complete  samples  for  all  the  above  parameters  were  collected  during  the 
forenoon  hours,  from  two  separate  sampling  spots,  from  each  river.  The  sampling  spot 
Srinagar  for  the  Alaknanda  is  situated  at  a  latitude  30°  IT,  and  Banghat  for  the  Nayar  at 
30°58'. 


3.    Results  and  discussion 

A  higher  percentage  of  diatoms  was  observed  in  the  upper  Mississipi  (Reinhard  1931), 
the  Godavary  (Chacko  and  Srinivasan  1955),  the  Yamuna  (Chakrabarty  et  al  1959)  and 
the  Ganga  (Pahwa  and  Mehrotra  1966)  as  also  in  the  case  of  the  Alaknanda  and  the 
Nayar.  It  ranged  from  3043-72-92  %  in  the  former  and  42-88-66  %  in  the  latter.  Species 
of  Navicula,  Hantzchia,  Nitzchia,  Cymbella,  Gomphonemay  Achnanthes  and  Synedra 
were  common  to  both  of  them,  while  Fragillaria  was  conspicuously  peculiar  to  the 
Alaknanda.  In  both  the  cases,  the  peaks  were  recorded  when  the  water  temperature  was 
observed  to  be  lowest,  8-89°C  in  the  former  and  12-22°  C  in  the  latter.  The  density  of  the 
diatoms  declined  to  0-55  units/ml  during  June  in  the  Alaknanda  when  the  snow  melts 
and  the  river  starts  swelling,  temperature  being  16-67°C  and  0-40  units/ml  in  the  Nayar 
during  August  when  the  river  swells  due  to  sudden  influx  of  rain  water,  the  water 
temperature  being  23*33°C.  Obviously  the  decrease  is  due  to  swelling  of  rivers  and  the 
increasing  velocity  of  water  flow  rather  than  water  temperature.  Thus  in  the  Alaknanda 
and  the  Nayar  a  temperature  range  of  9~14°C  and  12-21°C  respectively,  is  optimum. 
Contrary  to  this  Ray  and  Rao  (1964)  found  that  a  higher  temperature  range  of  20-30°C, 
is  essential  for  the  dense  growth  of  diatoms.  Chakrabarty  et  al  (1959)  also  recorded  436 
units/1  in  the  Yamuna  during  April  while  Ray  et  al  (1966)  counted  27661  units/1  during 
May,  in  the  Ganga,  when  the  temperatures  were  high.  Since  the  dissolved  O2  and  CO2 
possess  a  negative  and  positive  relationship  respectively,  with  water  temperature  in 
Garhwal  hillstreams  (Nautiyal  and  Lai  1978, 1981;  Singh  et  al  1982)  high  values  of  the 
former  and  low  values  of  the  latter  favour  prolific  growth  of  the  diatoms,  as  observed  in 
the  present  case  also. 

Several  authors  (Kofoid  1908;  Chandler  and  Weeks  1945;  Berner  1951;  Chakrabarty 
et  al  1959)  have  considered  water  current  to  be  detrimental  for  the  growth  of  diatoms. 
Hora  (1922),  also  considered  water  current  to  be  an  important  factor  governing  the 
nature  of  the  biota  in  the  streams.  Allen  (1920)  reported  that  currents  above  moderate 
speed  are  detrimental  to  plankton  development.  In  this  study  the  scarcity  of  diatoms 
(table  1)  during  monsoon  is  undoubtedly  due  to  the  sudden  influx  of  rain  water  and  the 
swelling  of  these  hillstreams  when  the  water  current  ranged  from  1-0943-1-81 15  m/sec 
in  the  Alaknanda  and  0*9965-1-4529  m/sec  in  the  Nayar,  as  compared  to  the  rest  of  the 
months  when  the  water  flow  was  recorded  to  be  moderate.  Gran  (1902)  and  Patrick 
(1948)  considered  that  the  duration  of  light  penetration  is  an  important  factor  in  the 
dense  growth  of  diatoms.  Welch  (1952)  and  Roy  (1955)  have  reported  adverse  effect  of 
turbidity  on  plankton  density.  Obviously,  higher  values  of  turbidity  ranging  from 
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TaWe  1.    Monthly  fluctuations  in  the  diatom  density  of  the 
Alaknanda  and  the  Nayar. 


Months 

Diatoms 

(units/ml) 

Alaknanda 

Nayar 

January 

7-0* 

9-06* 

February 

4-45 

8-00 

March 

4-59 

7-00 

April 

1-90 

4-30 

May 

1-00 

1-30 

June 

055f 

1-05 

July 

0-72 

0-56 

August 

080 

040f 

September 

0-70 

1-20 

October 

0-60 

1-60 

November 

1-40 

3-60 

December 

2-65 

5-80 

*  Peaks;  tFalls. 
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Figure  1.    Correlation  of  various  abiotic  factors  with  diatom  density  in  the  Alaknanda  and 
Nayar  rivers. 

30-68%  in  the  Alaknanda  and  45-70%  in  the  Nayar  are  responsible  for  the  fall  in 
density  of  diatoms  during  monsoon.  Since  the  waters  become  highly  turbid  during 
monsoon  only,  attributed  to  silt  carried  along  with  surface  run-off,  the  simultaneous 
effect  of  turbidity  and  the  sudden  influx  of  water,  effects  a  decrease  in  diatom  density 
(figure  1). 
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In  both  the  hillstreams  moderate  values  of  total  alkalinity  ranges  from  24-49  ppm 
but  the  peak  attained  by  the  diatoms  is  marked  by  the  presence  of  phenolphthalein 
alkalinity  during  January.  Ray  and  Rao  (1964)  considered  80-130  ppm  range  of  the 
carbonate  hardness  to  an  optimum  one  for  diatoms. 

It  is  apparent  from  the  discussions  that  low  water  temperature,  moderate  current, 
low  turbidity  and  the  presence  of  the  carbonates  are  essential  for  the  high  density  of 
diatoms  while,  high  current  and  turbidity  are  responsible  for  scarcity. 
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Ecology  of  the  above  ground  and  underground  insect  fauna 
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Abstract.  The  above  ground  and  underground  grassland  ecosystem  showed  qualitative  and 
quantitative  variations  in  flora  and  fauna,  being  less  in  number  on  the  above  ground  part  and 
maximum  in  the  underground  part.  In  the  experimental  area  of  grassland,  microarthropod 
population  was  maximum  (59-04%)  followed  by  the  populations  of  grasshoppers  (31-49%) 
and  Collembola  (9-47  %).  The  fungi  population  and  other  soil  microarthropods  showed  a 
direct  correlation  with  the  soil  moisture.  Maximum  grasshoppers  were  recorded  when  the 
vegetative  growth  of  grasses  was  maximum.  Activities  of  collembola  and  fungi  in  "humifi- 
cation"  and  "mineralization"  in  the  grassland  ecosystem  are  schematically  illustrated. 

Keywords.  Flora  and  fauna;  dilution-plate  method;  soil  fungi;  collembola;  soil  micro-fauna; 
humification;  mineralization. 


1.  Introduction 

Investigations  on  the  ecology  of  grasslands  in  India  were  chiefly  directed  to  a  study  of 
community  structure  and  composition,  succession  and  management.  Besides,  several 
workers  in  India  have  studied  at  different  times  a  single  aspect  of  grassland  ecosystem 
(Misra  1945;  Raman  1959;  Singh  1967;  Hazra  et  al  1982;  Hazra  and  Choudhuri  1983). 
However,  the  interaction  between  flora  and  fauna  on  above  ground  and  underground 
part  of  a  grassland  ecosystem  has  not  been  studied  so  far.  The  present  paper  deals  with 
the  composition  and  distribution  pattern  of  the  above  ground  vegetation  and 
grasshopper  fauna  and  the  underground  microflora  (fungi)  and  microfauna  (col- 
lembola was  chosen  for  this  purpose  as  they  are  among  the  dominant  soil  microfauna  in 
grassland)  on  a  grassland  ecosystem  at  the  Indian  Botanic  garden,  Howrah,  in  relation 
to  temperature,  relative  humidity  and  soil  moisture,  during  the  period  from  July  1980  to 
March  1981. 

2.  Sampling  sites  and  methods 

The  experimental  grassfield  (75  x  50  m2)  was  located  in  the  Indian  Botanic  garden, 
West  Bengal,  on  the  west  bank  of  the  river  Hooghly.  The  soil  was  gangetic  alluvium  in 
nature  and  brownish  in  colour,  with  high  percentage  of  clay.  PH  of  soil  ranges  from 
7-2-74.  Soil  samples  were  drawn  at  random,  using  stainless  steel  corers  (cross-sectional 
dia.  8  cm2).  The  extraction  of  soil  samples  were  carried  out  by  expedition  funnel 
apparatus  modified  by  Macfayden  (1953).  A  40  W  bulb  was  used  for  heating  and  light 
source.  The  relative  humidity  of  the  surface  soil  was  recorded  by  using  a  dial- 

675 


676  A  K  Hazra 

hygrometer.  Temperature  was  recorded  by  soil  thermometer  and  the  soil  moisture  was 
estimated  by  an  IR  moisture  balance. 

The  fungal  population  was  assessed  by  inoculating  the  soil  solution  of  1 : 100  and 
1 : 1000  dilutions  by  collecting  the  soil  samples  from  the  upper  5  cm  of  grassland.  The 
dilution  plate  method  was  employed,  using  Wasesman's  medium  of  the  following 
composition.  Dextrose  10  g;  peptone  5  g;  KH2PO4  1  g;  MgSO4, 7H2O  0-5  g;  agar  20  g; 
distilled  water  1000  cc;  Rose  Bengal  1 : 1 5,000.  The  fungal  population  was  recorded  after 
5  days  of  incubation  at  25°C.  Catchcount  method  (Andrewartha  1970)  was  employed 
for  collecting  grasshoppers  from  the  field. 


3.    Observations 

The  monthly  variations  in  the  populations  of  grasshoppers,  collembola  and  fungi  at  the 
experimental  site  are  tabulated  in  tables  1-3.  The  data  on  the  physical  factors  are  given 
in  table  4. 


3.1     Flora/  andfaunal  make  up 

The  number  of  grass  species  found  in  the  grassland  and  their  monthly  changes  in 
phenology  are  given  in  figure  1.  A  total  of  six  species  of  grasses  were  found.  All  the 
species  showed  vegetative  growth  in  August  and  mostly  dried  up  in  March. 
Dichanthium  annulatum  was  the  most  abundant  grass  species.  The  density  of 
grasshoppers  including  the  males,  females  and  nymphs  collected  in  each  month  are 
listed  in  table  1.  The  grasshopper  fauna  belonged  to  ten  species  of  which  Spathosternum 
prassiniferum  prassiniferum  (21-19  %)  was  the  most  dominant  species  Phlaeoba  infunata 
(18%)  and  Atractomorpha  crenulata  (17-05%)  occupied  second  and  third  positions 
respectively  in  order  of  dominance  (table  1). 

Nine  species  of  soil  fungi  were  obtained  from  the  grassland  plot,  of  which  Aspergillus 
candidus  (17-7%)  was  the  most  dominant  underground  soil  fungus  (table  3). 

The  quantitative  and  qualitative  composition  of  the  collembolan  and  other 
microarthropod  fauna  are  given  in  table  2.  Out  of  a  total  of  eleven  species,  Lepidocyrtus 
medius  (15-59  %)  was  the  most  predominant  species;  Sub-isotomafitchioides  (14-55  %), 
not  observed  in  the  samples  during  November-December  came  second  in  order  of 
abundance. 


3.2    Monthly  changes  of  flora  and  fauna 

It  is  evident  from  figure  3  that  the  total  number  of  flora  and  fauna  and  the  population  of 
underground  collembola  and  other  microarthropod  fauna  showed  their  peak  in  August, 
whereas  the  above  ground  grasshopper  fauna  (18-69  %)  showed  its  peak  in  July.  During 
this  month  the  vegetative  growth  of  the  grasses  was  also  maximum  (figure  1). 

Monthly  fluctuations  of  predominant  species  are  given  in  figures  2  and  3.  Although 
the  soil  collembolan  Lepidocyrtus  medius  (4-18%)  and  the  soil  fungus  Aspergillus 
candidus  (18-58  %)  had  similar  peaks  in  August,  other  species  showed  different  patterns. 
Predominant  grasshopper  species  Spathosternum  prasiniferum  prasiniferum  and 


Ecology  of  above  ground  and  underground  flora  and  fauna  677 

Phlaeoba  infumata  showed  maximum  abundance  in  August  and  other  species  exhibited 
the  peak  numbers  within  July-September.  Monthly  changes  in  physical  factors  of  the 
grassland  recorded  are  listed  in  table  4.  Air  temperature  (35-5°C),  soil  temperature 
(34°C)  and  relative  humidity  (96-5%)  were  maximum  in  August  and  minimum  in 
December,  March  and  January  respectively.  Soil  moisture  recorded  maximum  in 
September  (figure  4). 


3.3    Regression  and  correlation  between  fauna  and  biotic/ abiotic  factors 

Data  pertaining  to  biotic/abiotic  factors  and  population  density  of  above  ground  and 
underground  fauna  were  subjected  to  statistical  analysis  for  regression  and  correlation 
and  dependence  of  the  number  of  fauna  and  soil  fungi  (Y).  By  means  of  statistical  test  it 
was  verified  that  the  relationship  between  total  number  of  fauna  and  soil  fungi  (Y)  and 
different  variables  and  also  between  the  faunal  groups  remained  constant  throughout 
(table  5).  Regression  lines  were  obtained  by  pooling  together  data  for  the  period  of 
observations.  These  combined  regression  lines  drawn  along  with  the  respective 
scattered  diagrams  are  shown  in  figures  6-1 8.  The  study  of  correlation  coefficient  (third 
column  of  table  5)  indicated  that  both  above  ground  and  underground  insect  fauna  and 
soil  fungus  populations  showed  positive  correlations  with  all  the  parameters  con- 
sidered in  this  study  but  was  not  significant  in  all  the  cases. 

The  grasshopper  population  showed  strong  significant  positive  correlations  with 
factors  like  air-temperature  and  soil  temperature,  but  did  not  show  any  significant 
correlation  with  soil  moisture  and  two  other  underground  fungal  groups. 

The  other  soil  microarthropod  populations  showed  strong  significant  positive 
correlations  with  soil  moisture,  relative  humidity  and  fungus  populations  but  failed  to 
reveal  any  significant  correlations  with  air  and  soil  temperature.  While  collembola 
showed  significant  correlations  with  relative  humidity  and  soil-microarthropod 
populations,  it  is  interesting  to  note  that  the  fungi  population  showed  significant 
correlations  with  all  the  parameters  (table  5). 


4.    Discussion 

The  results  presented  in  this  investigation  clearly  reveal  that  the  total  population 
collected  in  the  above  ground  part  were  significantly  low  in  comparison  to  the 
underground  part  of  the  grassland.  Moreover,  the  number  of  genera/species  were 
maximum  in  the  underground  part  (fauna-11,  flora- 10)  and  minimum  in  the  above 
ground  (fauna- 10,  flora-6).  The  qualitative  analysis  showed  that  the  underground  part 
of  the  studied  grassland  bound  .maximum  number  of  soil  microfauna  (table  6).  This 
may  be  due  to  the  presence  of  adequate  number  of  soil  fungi  as  their  food,  higher 
amount  of  soil  moisture  but  less  number  of  predators  in  comparison  with  the  above 
ground  part.  Christiansen  (1964)  in  his  study  of  collembola  showed  a  partial 
relationship  between  plant  species  diversity  and  collembola  communities.  Wauthy  and 
Lebrun  (1980)  found,  a  low  correlation  with  soil  oribatid  mites  and  vegetations. 

Regarding  the  influence  of  different  factors  it  is  assumed  that  the  factors  considered 
in  this  investigation  exerted  significant  effects  either  singly  or  in  a  cumulative  way.  The 
data  from  tables  1-3  show  that  the  population  of  fauna  was  maximum  during 
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Table  4.    Fluctuations  of  some  physical  factors  of  grass  field. 

Air  temperature       Relative  humidity      Soil  temperature  Moisture 


1980 

July 

34-5 

95-5 

33-5 

15-5 

August 

35-5 

96-5 

34-0 

18-5 

September 

34-2 

83-5 

32-5 

21-5 

October 

33-5 

72-0 

33-0 

12-5 

November 

10-5 

69-5 

17-5 

11-5 

December 

16-5 

65-5 

16-0 

11-5 

1981 

January 

17-2 

68-5 

16-0 

11-0 

February 

24-5 

62-5 

22-5 

10-5 

March 

36-5 

59-5 

35-0 

9-5 

1980  1981 

JUL        AUG        SEP       OCT       DEC        MAR 
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Figure  1.    Showing  phenology  of  predominant  grasses  at  the  Botanical  Garden. 


monsoons  (in  both  parts  of  the  grassland)  when  factors  like  moisture  and  relative 
humidity  were  significantly  high  and  the  soil  fungi  population  and  vegetative  growth  of 
the  grasses  were  maximum. 

Maximum  grasshopper  population  (majority  nymph)  was  observed  during 
July-August  and  the  abundance  of  grasshoppers  may  be  related  to  the  maximum 
vegetative  growth  of  all  the  grass  species  (figures  1  and  2).  It  may  be  inferred  that  both 
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Figure  2.    Month-wise  fluctuations  of  some  predominant  species  of  grasshoppers  ( %). 


nymph  and  adult  grasshoppers  prefer  vegetative  stage  of  grasses  than  flowering  and 
fruit  forming  stages.  This  confirms  the  findings  of  Dwivedi  (1977). 

In  this  connection  it  is  to  be  mentioned  that  the  temperature  (both  air  and  soil) 
showed  direct  influence  on  the  population  structure  of  grasshoppers  but  did  not  show 
any  significant  correlation  with  the  underground  population  of  collembola  and  other 
microarthropod  (table  5).  This  supports  the  observations  of  Christiansen  (1964)  and 
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Figure  3.    Monthly  population  fluctuations  of  some  predominant  species  of  collembola, 
fungi  and  total  populations  of  grasshoppers,  collembola  and  other  microarthropod  ( %), 


Hazra  and  Choudhuri  (1983),  who  found  that  temperature  alone  is  of  little  influence  in 
governing  the  distribution  pattern  of  collembola. 

The  soil  moisture  and  relative  humidity  content  of  the  surface  soil  was  positively 
correlated  with  the  grasshopper,  collembola  and  other  microarthropod  fauna  (table  5). 
The  results  obtained  in  this  study  agreed  with  those  of  Christiansen  (1964)  and  Hazra 
(1978).  These  two  factors  (temperature  and  RH)  also  showed  positive  highly  significant 
correlations  with  the  population  density  of  soil  fungi.  This  was  compatible  with  the 
findings  of  Gujarati  (1968).  The  influence  of  fungi  population  in  this  study  were 
significantly  correlated  with  the  grasshoppers,  collembola  and  other  microarthropod 
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Figure  4.    Monthly  fluctuations  of  the  physical  factors  in  the  Botanic  garden  grassland. 
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Figure  5.    Schematic  representation  of  the  Botanic  garden  grassland  showing  interrelation- 
ship between  above  ground  and  underground  flora  and  fauna. 
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Table  5.    Relationship  between  above  ground/underground  fauna  and  biotic/abiotic  factors. 


Mean 

± 

SD 

r  value 

Regression 
correlation 
Y=-a  +  bx 

Y:  Grasshopper  population 

11-04  ±  5-93 

Air  temperature 

27-84  ±  8-61 

0-92*** 

y=  -6-65  +  0-64x 

Soil  temperature 

26-67  ±  8-46 

0-92*** 

y  =  -6-13+0-64x 

Soil  moisture 

13-56  ±  4-08 

0-55* 

y=0-17  +  0-80x 

Relative  humidity 

74-78  ±13*80 

0-68** 

7=  -  10-81  +0-29x 

Collembola  population 

11-11  ±  6-46 

0-32* 

y=7-74  +  0-30x 

Microarthropod  population 

1H1±  6-91 

0-48* 

y=6-42  +  0-42x 

Fungi  population 

ll-49±  4-26 

0-67** 

y=0-30  +  0-93x 

Y:  Microarthropod 

population 

11-11  ±  6-9? 

Air  temperature 

27-84  ±  8-61 

0-35* 

y=3-37  +  0-28x 

Soil  temperature 

26-67  ±  8-46 

0-35* 

y=3-47  +  0-29x 

Soil  moisture 

13-56±  4-08 

0-78*** 

y=  -6-73  +  l-32x 

Relative  humidity 

74-78  ±13-80 

0-90*** 

y=  -  22-71  +0-45x 

Fungi  population 

1149±  4-26 

0-88*** 

y=  -5-32+l-43x 

Y:  Collembola  population 

1H1±  6-46 

Air  temperature 

27-84  ±  8-61 

017* 

y=  7-48  +0-13* 

Soil  temperature 

26-67  ±  8-46 

0-16* 

y=7-81+012x 

Soil  moisture 

1-67  ±  0-70 

0-44* 

y=  l-67  +  0-70x 

Relative  humidity 

74-78  ±13-80 

068** 

y=  -12-55  +  0-32x 

Soil  Fungi 

ll-49±  4-26 

0-51* 

y=2-18+0-78x 

Soil  microarthropod 

1H1±  6-91 

O77*** 

y=3-07-i-0-72x 

Y:  Fungi  population 

1149±  4-26 

Air  temperature 

27-84  ±  8-61 

0-61** 

y=3-01+0-30x 

Soil  temperature 

26-67  ±  8-46 

0-62** 

y=3-18  +  0-31x 

Soil  moisture 

13-56±  4-08 

0-91*** 

y=  -l-38  +  O95x 

Relative  humidity 

74-78  ±13-80 

085*** 

y=  -8-05-f  0-26x 

Significant  at  1  %  level;  **  Significant  at  5  %  level;  *  Not  Significant. 


population  (table  5).  In  the  monsoon  months  higher  content  of  moisture  and  relative 
humidity  enhanced  decomposition,  ammonification  and  nitrifications  perhaps  through 
the  activities  of  some  bacteria  and  fungi  which  resulted  to  a  higher  organic  matter 
content  in  the  grassfield  (Hazra  and  Choudhuri  1983). 

Figure  5  shows  the  organic  debris  (dead  grass  and  grasshoppers)  to  be  the  seat  of 
decomposer  activity  (decomposing  agent  fungi  and  bacteria)  within  the  grassland, 
through  process  of  "humification"  and  "mineralization".  Collembola  and  other 
microarthropods  with  the  help  of  decomposers  complete  the  liberation  of  the  elements 
which  enter  into  the  chain  within  the  studied  ecosystem. 

It  may  be  concluded  from  the  present  study  that  the  vegetation  in  conjunction  with 
the  other  physical  factors  considered  in  this  study  collectively  influenced  the  population 
fluctuations  and  distributions  of  above  ground  and  underground  insect  and  other 
microarthropod  population  in  the  grassland  ecosystem. 
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Figures  6-9.    Relationship  between  x  number  of  grasshopper  and  6.  relative  humidity.  7.  air 
temperature.  8.  number  of  fungi/g  of  soil  (in  thousand).  9.  soil  temperature. 


30- 


1^ 

8 

i  KH 

fr< 


T-CBO 


._  60  /to  to  sb  100 

X- Relative  humidity  (v) 


^  S 

X-  Moist  ure(-X) 


50        70        90  100 

X- Relative  humidity (>^) 


'      IT     '       25     30 
X-X  Mkrroaropod 


Figures  1(M4.  Showing  relationship  between  x  number  of  microarthropod  10.  relative 
humidity.  11.  moisture  content  of  soil.  12.  number  of  fungi/g  of  soil  (in  thousand). 
13.  relative  humidity.  14.  Showing  relationship  between  x  number  of  collembola  and  x 
number  of  microarthropod. 
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Figures  15-18.  15.  Showing  relationship  between  number  of  fungi/g  of  soil  in  thousand  and 
air  temperature.  16-18.  Showing  relationship  between  number  of  fungi/g  of  soil  in  thousand. 
16.  relative  humidity.  17.  soil  temperature.  18.  soil  moisture. 

Table  6.    Groupwise  percentage  of  total  fauna  of  the  grassland 
and  the  month  in  which  maximum  number  occurred. 


Group 

% 

Month 

Grasshopper 

3149 

July 

Collembola 

947 

August 

Other  microarthropod 

59-04 

August 
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Abstract.  Phenoxy  herbicides  2,4-D,  its  sodium  and  ethyl  amine  salts  and  ethyl  esters 
commonly  used  in  aquatic  weed  eradication  programmes,  were  tested  by  acute  and  static 
bioassay  investigations  on  a  cyprinid  fish  Lebistes  (Poedlia}  reticulatus  under  laboratory 
conditions.  The  toxicities  of  these  different  formulations  are  compared  and  reported  in  relative 
toxicity  ratings.  'Safe  application  rate'  and  'safe  application  factor'  equations  were  also 
calculated.  Median  lethal  concentrations  at  various  time  intervals  are  also  reported  along  with 
respective  fiducial  limits  and  regression  equations.  Comparative  regressions  are  drawn  for 
three  time  intervals,  24,  48  and  96  hr. 

Keywords.    Herbicide;  2,4-D;  bioassay;  relative  toxicity;  LC50;  Lebistes  (Poedlia)  reticulatus. 
1.    Introduction 

Foxic  effects  of  herbicides  are  now  common  in  fish  and  other  freshwater  organisms 
gamier  et  al  1974;  Klekowski  et  al  1977;  Kaniewska-Prus  1977;  Spehar  et  al  1980;  Rao 
md  Dad  1979;  Vardia  and  Durve  1981a,b).  Phenoxy  herbicides  have  also  attracted 
mention.  They  formed  the  first  organic  compounds  used  for  selective  weed  control  in 
in  aquatic  environment  and  were  sold  in  many  formulations  viz.,  2,4-dichlorophe- 
toxyacetic  acid  (2,4-D),  sodium  salt  of  2,4-dichlorophenoxyacetic  acid  (2,4-D-Na  or 
?hen-D),  dimethylamine  salt  of  2,4-dichlorophenoxyacetic  acid  (2,4-D- DMA  or  phena- 
nine)  and  diethylester  of  2,4-dichlorophenoxyacetic  acid  (2,4-D-DEE  or  phenest).  These 
chemicals  represent  varied  chemical  structures  viz.,  ester,  amine,  acid  and  sodium  salt. 
In  the  present  study  acute  bioassay  investigations  were  used  to  assess  the  relative 
oxicity  of  different  herbicides.  In  relative  toxicity  studies,  the  test  chemicals  are 
;ompared  with  a  standard  by  using  the  same  test  species  and  calculating  the  toxicity 
ralues  of  these  chemicals.  This  procedure  is  followed  for  determining  relative  toxicity  of 
i-  formulations  of  phenoxy  herbicides  viz.,  2,4-D-acid,  ester,  amine  and  sodium  salts 
rith  the  test  fish  Lebistes  (Poedlia)  reticulatus  (Peters). 


;.     Materials  and  methods 

"he  acute  and  static  bioassay  experiments  were  conducted  by  the  methods  of  APHA 
1980).  The  fish,  Lebistes  (Poedlia)  reticulatus  (1-7  ±  0-3  cm  in  length  and  0-10  ±  0*04  g 
i  weight)  were  obtained  from  the  departmental  ponds  and  acclimated  to  laboratory 
egime  on  a  diet  of  1 : 1  mixture  of  wheat-bran  and  oil-cake.  The  diluent  (dechlorinated 
ipwater)  was  analysed  for  its  physical  and  chemical  characteristics  i.e.,  dissolved 
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oxygen-6  +  l-lmgl"1,  carbonate  alkalinity-nil,  bicarbonate  alkalinity-160±12-3 
mgl"1,  pH  8-1+03,  conductivity  745±10/imhoscm~1,  total  hardness-240 
±20mgr1  and  temperature-27-1  ±  1-5°C. 

Thirty  to  fifty  fishes  were  used  for  each  concentration  tested  in  3-5  replicates.  The 
minimum  possible  quantity  (<  2mll~1)  of  ethanol  (rectified  spirit)  was  used  as  a 
carrier  agent  due  to  its  high  solubilizing  powers  and  negligible  toxicity.  The  fish 
mortalities  were  noted  and  LC50,  LC84  and  LC2o  were  calculated  by  probit  analysis 
(Finney  1981).  LC100  and  LC0  were  calculated  using  probit  values  of  99-9  and  0-1 
respectively.  95  %  fiducial  limits,  heterogenity  factor  (x2)  and  slope  function  were  also 
calculated  by  the  methods  of  Finney  (1981).  The  mean  relative  toxicities  of  four 
formulations  were  calculated  on  the  basis  of  96  hr  LC50  values  by  dividing  them  with 
2,4-D-Na  (Finney  1981).  The  relative  toxicity  of  2,4-D-Na  was  assumed  to  be  one.  The 
safe  application  factor  equation  and  rates  were  calculated  by  the  methods  of  Ghosh  and 
Konar(1976). 

The  experimental  herbicides,  Phen-D  is  80%  active  ingredients  (a.i.)  (2,4-D-Na), 
2,4-D-acid  100  %  a.l  (2,4-D-acid),  Phenest  340 g  acid  equivalents  (a.e.)l~ l  (2,4-D-DEE) 
and  phenamin  720  g  a.i.  l~ 1  (2,4-D-DEA).  Phen-D  and  acid  used  were  fine  powders  while 
phenest  and  phenamine  were  liquid  formulations.  2,4-D-acid  was  applied  with  spirit  as 
carrier  agent  while  sodium  salt  was  dissolved  in  water.  Ester  and  amine  were,  however, 
used  directly  without  a  carrier  agent. 


3.    Results  and  discussion 

Toxicity  of  herbicides  to  fish  varies  with  formulation  and  even  within  the  same 
formulation,  due  to  different  manufacturing  techniques  and  batch  lots.  However,  with 
any  formulation,  the  application  of  lethal  concentration  in  water  led  to  erratic 
swimming,  difficulty  with  respiration  and  convulsions  caused  by  nervous  non- 
coordination.  Further,  the  fish  exhibited  jerky  movements,  mucus  secretion,  surfacing, 
slow  and  at  times  backward  swimming,  barrel-rolling  or  spiralling  reflex,  paralysis, 
irregular  opercular  beats  and  ultimate  death.  The  relative  toxicity  data  with  different 
phenoxy  herbicides  indicate  that  esters  are  highly  toxic  though  greater  in  use  because  of 
desirable  physical  properties,  control  of  droplet  size,  limited  solubility  in  water,  good 
spread  on  contact  with  vegetation  and  less  persistence  in  the  environment.  The  relative 
toxicity  comes  to  be  339-2  for  diethylamine  ester.  Further  increase  in  length  of  carbon 
chain  decreases  the  toxic  action  of  esters.  Meehan  et  al  (1974)  observed  isopropyl  and 
butyl  esters  to  be  more  toxic  than  octyl  ones.  Esters  were  most  toxic  to  phytoplankton 
than  parent  acids  (Butler  1965).  Highest  toxicity  of  esters  were  also  discussed  by 
Hughes  and  Davis  (1963),  Davis  and  Hughes  (1963)  and  Folmer  (1976).  Ninety  six  hr 
LC50  in  2,4-D-DEE  varies  from  4-7  to  3-7  mgl"1  (table  1).  Safe  application  factor  as 
reported  by  Lhoste  and  Roth  (1946)  for  2,4-D-DEE  was  0-3 mgl"1  while  it  is 
0-015  mgl"1  in  our  investigations. 

The  next  in  series  of  relative  toxicity  is  2,4-D-acid  which  is  ranked  moderately  toxic 
with  a  relative  value  at  169-7  and  LC50  ranging  from  10-2  to  8-4 mgl"1.  The  safe 
application  rate  for  this  technical  grade  2,4-D  acid  comes  to  0-17  mg  r l.  This  confirms 
the  earlier  finding  that  parent  acids  are  more  toxic  than  their  amines.  The  amine,  2,4-D- 
DEA  is  median  toxic  with  LC50  ranging  from  448-7  to  375-8  mg  I"1.  Various 
formulations  of  2,4-D-amine  are  in  use.  The  formulations  diethylamine  and  sodium  salt 
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Figure  1.    Probit  regression  lines  for  24, 48  and  96  hour  exposure  toxicity  of  2,4-D  acid  2,4-D- 
DEE,  2,4-D-DMA,  2,4-D-Na  to  the  fish  Lebistes  reticulatus. 


are  quite  akin  in  their  safe  application  rates.  The  latter  is  least  toxic  and  is  numbered  1  in 
relative  toxicity.  Its  LC50  values  are  2971  to  1418  mgl""1  for  24  and  96  hr  respectively 
(table  1).  Safe  application  rate  is  19  mg  1~ 1  which  is  very  close  to  that  of  amines.  Probit 
regression  lines  showing  toxicity  relations  amongst  various  2,4-D  compositions  at 
different  exposures  are  shown  in  figure  1. 

Relative  toxicity  has  been  described  by  Holden  (1964)  for  many  herbicides  when 
applied  at  agricultural  rates  viz.,  2,4-D  =  1,  MCPA  =  1-5,  2,4,5-T  =  0-5,  Paraquat  =  1/12, 
Simazine  1/27,  Diquat  =  1/40,  Dalapon  =  1/46.  Pravada  (1973)  categorised  herbicides 
as  most  toxic,  median  toxic,  moderately  toxic  and  least  toxic. 

Induction  of  abortion  in  a  viviparous  fish  like  Lebistes  (Poecilia)  by  herbicidal 
toxicity  appeared  symptomatic.  In  the  present  study,  this  occurred  in  every  carrying 
female  at  all  the  dose  levels.  The  progeny  was  premature  and  hence  did  not  survive. 
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Seasonal  variation  in  primary  production  in  relation  to  some 
limnological  features  in  Lakhotia  lake  (India) 
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Abstract.  The  primary  production  t>f  lake  Lakhotia  in  the  semiarid  region  of  Rajasthan, 
India  is  reported.  The  results  are  compared  with  other  tropical  and  temperate  water  bodies. 
Primary  production  revealed  positive  relationship  between  water  temperature  and 
chlorophyll-a.  High  production  was  observed  when  temperatures  ranged  from  27-33°  C. 

Keywords.    Primary  production;  temperature;  transparency;  alkalinity;  chlorophyll-a. 


1.  Introduction 

In  order  to  exploit  freshwater  resources  like  ponds,  reservoirs  and  lakes  for  substantial 
pisciculture  fundamentally,  the  primary  production  of  these  waterbodies  has  to  be 
assessed.  Except  for  the  contribution  of  Sreenivasan  (1963, 1964, 1965, 1976),  Hussainy 
(1967),  Ganapati  and  Pathak  (1969),  Sumitra  (1971)  and  Bohra  (1976),  our  knowledge 
of  the  primary  productivity  of  the  tropical  freshwaters  of  India  is  meagre  when 
compared  to  that  for  the  temperate  waters.  Therefore  intensive  studies  on  the  primary 
production  in  India  are  indispensable  for  the  planned  utilization  of  water  resources. 
Hence,  an  attempt  was  made  to  know  the  primary  production  in  Lakhotia  lake  located 
at  Pali  and  the  results  compared  with  other  available  tropical  and  temperate 
freshwaters. 

2.  Study  area 

Pali  district  comes  in  the  western  region  of  Rajasthan.  Its  climate  is  characterised  by 
extremes  of  temperature  and  aridity.  The  following  three  main  seasons  are  noticeable  in 
the  state.  Summer  from  March-June,  monsoon  from  July-October,  winter  from 
November-February.  Lakhotia  is  a  man-made,  rain-fed,  perennial  lake  of  Pali  city 
(25-8°  N  Lat.  and  73-3°  E  Long.).  It  is  roughly  oval-shaped  (maximum  length  1825  m  in 
the  east-west  direction  and  breadth  of  950  m  in  north-south  direction)  and  has  a 
maximum  depth  of  4.5m.  There  were  no  rooted,  emerged  or  submerged  vegetation  in 
the  littoral  zone  of  the  lake.  Details  of  study  area  are  given  by  Khatri  (1984). 

3.  Methods 

Seasonal  study  of  various  abiotic  and  biotic  factors  related  to  primary  production  was 
conducted  for  15  months  from  December  1976  through  February  1978.  The  data  from 
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December  1976  through  February  1977  are  exploratory  in  nature  and  are  therefore  not 
considered.  The  sampling  was  done  in  the  last  week  of  each  month  and  the  sampling 
hours  and  incubation  period  were  kept  constant  throughout  the  observation  period 
from  1000-1200  hr  and  1200-1600  hr  respectively.  Three  stations  (sts.  1, 2  and  3)  along 
the  midlongitudinal  area  of  the  lake,  equidistant  from  each  other,  and  three  depths 
(surface,  1  m  and  bottom)  were  selected  to  get  a  complete  picture  of  the  lake  along  its 
horizontal  as  well  as  vertical  profiles.  The  surface  and  sub-surface  water  temperatures 
were  recorded  with  mercury  thermometer.  Transparency  was  measured  by  a  standard 
sechi  disc  (20cm  diameter)  and  alkalinity  by  titration  method  in  field,  using 
phenolphthalein  and  methyl  orange  as  indicators.  Chlorophyll-a  was  estimated  using 
the  method  of  Strickland  and  Parsons  (1972).  Light  and  dark  bottle  method  was  used 
for  measuring  primary  production  in  situ,  using  modified  Winkler's  method  (Strickland 
and  Parsons  1972)  for  estimating  dissolved  oxygen.  The  oxygen  values  were  then 
computed  to  carbon  values  using  a  photoperiod  of  12  hr. 


4.    Results 

There  is  no  significant  difference  between  the  results  at  the.  three  stations  at  the  3 
different  depths,  therefore  the  mean  of  the  three  stations  is  taken. 

The  water  temperature  showed  a  wide  range  of  seasonal  fluctuations  and  decreased 
with  depth.  It  ranged  from  1 7-9-33-0°  C  at  the  surface,  1 7-8-31 -6°  C  at  1m  depth 
1 7-5-3 H°C  at  the  bottom  (figure  1). 

Chlorophyll-a  showed  three  maxima,  the  first  in  summer  (June),  the  second  in 
monsoon  (October)  and  the  third  in  winter  (January).  Out  of  these  three  peaks  the 
maximum  concentration  was  in  June,  and  the  minimum  in  April  at  the  surface  while 
it  was  minimum  at  1m  depth  and  bottom  in  February.  The  values  fluctuated 
from  1 -228-6-959 mgm"3  at  the  surface,  1  -01 5-7-426 mgmT3  at  1m  and  0-532- 
7-408  mg  m"3  at  the  bottom  (figure  2). 

Gross  primary  production  increased  from  April  onwards,  attaining  its  peak  in  June 
at  the  surface  and  1  m,  which  coincides  with  the  summer  peaks  of  chlorophyll-a.  The 
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Figure  1.     Seasonal  variation  in  water  temperature  in  Lakhotia  lake. 
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values  ranged  from  1 -002-6-301  gCnT^T1  at  the  surface,  0-375-4-776  gCnT^T1  at 
1  m  and  0-1-744 gCm~3d~1  at  the  bottom  (figure  3).  There  was  no  production  at  the 
bottom  in  June  and  October  when  chlorophyll-a  was  high.  This  might  be  due  to  the  low 
transparency  which  caused  incidence  of  light  attenuated  below  at  the  bottom  during  the 
above  months. 

The  net  primary  production  fluctuated  from  0-062-2-977  gC  m"  3d~  *  at  the  surface, 
0-2-068  gC  m~3d-1  at  1  m  and  0-0-625 gCm~3d~1  at  the  bottom  (figure  4). 

The  inter-relationship  between  gross  primary  production,  chlorophyll-a,  tempera- 
ture, transparency  and  alkalinity  at  surface,  1  m  and  bottom  were  studied.  These 
parameters  were  the  same  at  all  depths,  therefore  only  the  surface  graphs  are  given  in 
the  text  (figure  5). 
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Figure  2.    Seasonal  variation  in  chlorophyll-a  in  Lakhotia  lake. 
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Figure  3.    Seasonal  variation  in  gross  pri 
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Figure  4.    Seasonal  variation  in  net  primary  production  in  Lakhotia  lake. 
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Figure  5.    Showing  inter-relationship  between  gross  primary  production,  chlorophyll-a, 
water  temperature,  transparency  and  total  alkalinity  at  surface. 


5.    Discussion 

The  annual  gross  production  in  Lakhotia  lake  was  1956-035  gCm~2.  On  comparing 
gross  primary  production  with  other  freshwater  bodies  it  was  found  higher  than  the 
Yercaud  lake,  Yanamali  pond,  Teppakulam  pond,  Aliyar  reservoir,  Bhavanisagar 
reservoir  and  Kodaikanal  lake  and  lower  than  the  Padamsagar,  Ranisagar,  Ooty  lake, 
Amaravathy  reservoir  and  Othakadai  pond  (table  1).  Comparison  with  Padamsagar 
and  Ranisagar  (Bohra,  1976,  unpublished)  shows  that  productivity  in  these  lakes  was 
higher  than  in  the  lake  under  study  due  to  higher  chlorophyll-a  values,  high 
transparency  and  greater  availability  of  carbondioxide  due  to  greater  benthic 
decomposition. 


Seasonal  variation  in  primary  production 

Table  1.    Annual  gross  production  in  different  freshwater  bodies. 


Name 


Annual  gross  production 
Climate         (gCm~2  year' l)          Reference 
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Padamsagar 
Ranisagar 
Ooty  lake 
Amaravathi  reservoir 
Othakadai  pond 
Lakhotia  lake 

Tropical 
-do- 
-do- 
-do- 
-do- 
-do- 

4138-91 
3451-63 
3144-84 
2422-00    . 
2000-20 
1956-03 

Bohra  (1976) 
Bohra  (1976) 
Sreenivasan  (1963) 
Sreenivasan  (1965) 
Sumitra  (1971) 
Present 

Yercaud  lake 
Yanamali  pond 
Teppakulam  pond 
Aliyar  reservoir 
Bhavanisagar  reservoir 
Kodaikanal  lake 
Indiana  lake 
Esromso  and  Furoso 

-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
Temperate 
-do- 

1136-24 
857-60 
835-90 
730-00 
919-80 
273-75 
600-00 
200-00 

investigation 
Sreenivasan  (1963) 
Sumitra  (1971) 
Sumitra  (1971) 
Sreenivasan  (1970) 
Sreenivasan  (1974) 
Sreenivasan  (1963) 
Wetzel  (1966) 
Jonasson  and 

Clear  lake 

-do- 

160-60 

Methiesen  (1959) 
Goldman  and 

Wetzel  (1963) 

Lake  Leake 

-do- 

9.00 

Croome  and 

Tyler  (1975) 

Tome  lake 

-do- 

9-00 

Croome  and 

Tyler  (1975) 

Table  1  shows  that  gross  primary  production  is  higher  in  the  tropical  freshwaters 
than  the  temperate  ones.  The  reason  for  higher  production  in  tropical  waters  seems  to 
be  high  temperature  range  and  incident  solar  radiation.  This  study  reveals  that  increase 
in  water  temperature  from  March  onwards  accelerated  production  and  in  June  the 
temperature  and  the  gross  primary  production  were  at  their  peaks.  The  linear  relation 
of  the  primary  production  with  water  temperature  in  monsoon  and  winter  is  apparent 
(figure  5).  The  study  reveals  that  the  production  was  high  within  the  temperature  range 
27-33°C  which  is  higher  than  the  range  (25°-29°C)  reported  by  Bohra  (1976)  in  the  two 
lakes  of  Jodhpur. 

A  linear  relationship  between  primary  productivity  and  chlorophyll-a  was  apparent 
in  the  present  study.  Whenever  there  was  an  increase  in  chlorophyll-a  values,  there  was 
a  corresponding  increase  in  the  rate  of  primary  production  in  the  three  seasons.  Kalff 
(1967)  in  his  studies  on  arctic  ponds  and  Bohra  (1976)  on  two  lakes  of  Jodhpur, 
observed  that  chlorophyll-a  and  primary  production  were  correlated  significantly  only 
in  certain  seasons. 

The  maximum  gross  primary  production  was  recorded  during  summer  (figure  5) 
when  there  was  an  increase  in  water  temperature,  chlorophyll-a  as  well  as  alkalinity. 
After  attaining  a  peak  in  June  the  alkalinity  declined  sharply  during  monsoon  and 
consequent  flood  and  in  winter  it  increased  again.  In  this  study  the  linear  relationship  of 
alkalinity  with  production  was  only  during  summer  months.  Sreenivasan  (1964)  and 
Sumitra  (1971)  reported  a  direct  correlation  between  alkalinity  and  production 
throughout  their  investigations. 
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In  Lakhotia  lake  the  difference  between  gross  and  net  primary  production  were  wide, 
the  percentage  of  respiration  in  gross  production  being  15-6-100  (figures  3  and  4).  The 
net-gross  production  ratio  fluctuated  from  zero  (November  and  December)  to  0-715 
(June).  Hundred  per  cent  respiration  at  certain  times  and  the  resultant  zero  net-gross 
ratio  indicates  that  respiration  exceeds  production.  Similar  instances  have  been 
reported  previously  in  certain  South  Indian  waters  by  Sumitra  (1971)  and  Ganapati  and 
Sreenivasan  (1972). 

In  conclusion,  primary  production  in  Lakhotia  lake  is  moderate.  Chlorophyll-a  and 
water  temperature  act  as  favourable  factors  whereas  transparency  and  alkalinity  are 
limiting  factors. 
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